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Abstract 
A local area network ( LAN ) can be defined as an information transport system for 
data transfer among terminals, computer systems and peripheral equipment, via an 
interconnecting medium within the confines of a single building or cluster of build­
ings. The research developed a LAN system suitable for use in a teaching laboratory 
environment. The LAN system is versatile enough to allow easy connection of many 
different types of equipment while being relatively inexpensive. The network consists 
of microprocessor-based protocol interface units connected to a common twisted-pair 
cable. Each interface unit can support an asynchronous RS-232-C serial interface from 
user equipment into the LAN with standard speeds up to 9.6k bits per second. The 
interface units provide virtual circuit service for the attached user equipment via a 
CSMA/CD technique. The data rate on the network cable is 62-.5k bits per second, 
thus allowing several simultaneous, independent virtual circuits on the network. 
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Over the pa.st few years, there has been a proliferation of personal ( or single user ) 
computer systems and related peripheral equipment ( e.g., printers and modems ). 
As a result, there is an increasing need for the ability to share information among 
these relatively autonomous computer systems and to share peripherals among these 
computer systems. A straightforward method which allows information and equipment 
sharing is to connect a cable between every pair of devices you would possibly ever wish 
to interconnect ( Figure 1.1 ). However, this brute force point-to,.point method can 
quickly become impractical. As the number of devices increases, the cost and routing 
complexity of laying all the intercon'necting cables increase. In addition, problems of 
incompatible communication interfaces on these devices arise. A more comprehensive 
and flexible interconnecting method is desirable. 
A local area network ( LAN ) can be defined as an information transport system 
for data transfer among terminals, computer systems and peripheral equipment, via an 
interconnecting medium within the confines of a single building or cluster of buildings 












Figure 1.2: A Local Area Network 
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established through a LAN system which is physically connected to all the devices. 
The circuit is a logical structure supported by the LAN, rather than a direct physical 
connection, and hence is much more flexible. Notice, however, that this approach 
would make the network's operation dependent on the fault tolerance of the central 
LAN system. 
The author's research developed a virtual circuit�oriented LAN system called the 
Advanced Digital Systems Laboratory LAN ( ADSL LAN). The ADSL LAN is designed 
to meet several goals: 
• Low Cost: The initial cost of the LAN system should be low, as also should be
the incremental costs of connecting devices to the LAN system.
• Versatile User Interface: The communication interface presented to the user
of the LAN should be flexible, allowing a wide variety of devices to be connected.
• Fault Tolerant: The LAN should provide reliable communication circuits even
under partial failure of the LAN system.
• Maintainable: System failures of the LAN should be easily repairable.
1.1 Overview of the ADSL LAN Structure 
The physical interconnection of the ADSL LAN is based on a bus structure. All user 
devices connect to the LAN at protocol interface units, or nodes, which are in turn 
connected to· a common cable bus ( Figure 1.3 ) . Note that the bus is a broadcast 










Figure 1.3: The ADSL Local Area Network 
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for the establishment, maintenance, and disconnection of virtual circuits through the 
shared use of the bus. 
There is no one central component of the ADSL LAN responsible for the control of 
the shared access to the bus. Instead, the responsibility is distributed among all the 
node units by the use of a control technique called Carrier Sense Multiple Access with 
Collision Detection ( CSMA/CD ). Using this technique, a node wishing to transmit 
a message listens to the shared bus to see if any other node is transmitting ( "Carrier 
Sense Multiple Access" ) . If no other node is transmitting, then the node begins 
to transmit while listening to see if the message is being garbled by another node's 
transmission ( "Collision Detection" ). If a collision is detected, the node will wait a 
while ( back off) and then will try to transmit again. If the retry encounters a collision, 
the whole process is repeated. Thus, the CSMA/CD control technique allows orderly 
shared access to the bus. A node can transmit a message to all of the other nodes 
in the network. To support virtual circuits in this broadcast environment, however I a 
form of control is needed to route messages between specific nodes. 
A data encapsulation technique is used, to control the routing of messages between 
nodes. To make nodes distinguishable from each other I every node is assigned a unique 
number called an address. With this additional technique, a node wishing to trans­
mit a message first encapsulates, or surrounds, the message with control information, 
forming a new message called a packet. The node then transmits the packet using the 
CSMA/CD technique. The surrounding control information includes the address of 
the remote, or destination, node which is to receive the message. The actual routing 
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is achieved by having nodes ignore all packets they receive except those packets with a 
destination address that matches their own address. Since node addresses are unique, 
only. the specifically addressed node will act upon the broadcast message. 
A virtual circuit ( or session ) is established between two node units when they 
agree tO send packets addressed to each other. Each node then packages the data. 
it receives from its attached user device into packets and sends them to the other 
node. When a J?,ode receives a packet from the other, it unpacks the data from the 
packet and transmits 'the data to its attached user device. Thus, the two devices can 
communicate with each other over the virtual circuit. Other techniques, described in 
the following chapters, a.re employed in the establishment and maintenance of a session 
in the detection of transmission errors and "in the recovery from errors. 
Initial setup of an ADSL LAN system would require only the routing of a single 
cable near the possible devices to be interconnected. The use of a single cable results in 
much lower cable cost and routing complexity compared to that of the point-to-point 
interconnect method. To connect a user device to the LAN simply requires the addition 
of a node unit to a convenient point on the bus cable. As will be seen in Chapter 3, the 
node units can be manufactured inexpensively. The lack of centralized control provides 
substantial_ reliability. If a node fails, messages can still be transmitted over the bus, 
provided the failure is not a continuously transmitting node. The decentralized control 
also leads to a very maintainable system. The only central component of the system 
is the passive bus cable. The active components are the nodes, which are functionally 
identical and thus interchangeable. 
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Chapter 2 
A User's Manual 
When a node unit is reset the node runs a series of self tests, sets up various operating 
attributes, and then enters either Autobaud Mode or Comm.and Mode. In Autobaud 
Mode the node attempts to set the baud rate of the user interface automatically to 
match that of the attached user device. Once a baud rate has been determined, the 
node leaves Autobaud Mode and enters Comm.and Mode. In Command Mode the node 
accepts commands via the asynchronous RS-232-C serial user interface from the user 
device to control the node's operation. It is from the Command Mode that a user 
can issue a command to establish a session and enter the Connect Mode. In Connect 
Mode the node transfers data between the user device and a remote user device via the 
virtual circuit. See Figure 2.1. 
2.1 Self Tests of the Hardware 
On reset ( due either to powering on or to pushing the reset button ) a node unit runs a 
series of tests on itself. The tests check the integrity of the processor, EPROM, RAM, 











Figure 2.1: Overall Operating Modes of a Node Unit 
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Table 2.1: User Status LED Display Sequence after Reset 
Hardware Self Tests 
· Status LED Indication 
ON Power on, LED functioning. 
OFF Processor functioning. 
ON EPROM functioning. 
OFF 
ON RAM functioning. 
OFF 
ON User interface functioning. 
OFF Enter Autobaud or Command Mode. 
power is first applied or when the reset button is depressed, the status LED should 
be lit. If the processor is running properly, then the status LED should extinguish 
approximately a-half second later. The node unit then executes sequentially a test of 
the EPROM, the RAM, and the user interface. After the successful completion of each 
test, the node fl.a.shes the status LED on for approximately a-half second. If a test fails, 
the status LED is not fl.a.shed, any remaining tests are not executed, and the node unit 
enters a halt loop. Otherwise, after successfully completing the tests, the node will 
continue with the reset process. Table 2.1 summarizes the reset testing sequence. 
2.2 Default Operating Attributes 
Each node in a network has a set of attributes which controls the operation of that 
particular node. Most of these attributes define how the node's user interface operates. 
Others define the node's unique address, Command Mode operation, etc. After the 
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successful completion of the self tests, these operating attributes are set to default 
values. The default values for some of the attributes a.re specified via settings of DIP 
switches ( See Table 2.2 ) , while the default values for other attributes are fixed. All 
of the operating attributes can be changed by issuing commands in Command Mode. 
Details of the attributes and how they affect the operation of the node will be discussed 
in the remainder of the chapter. 
2.3 User Interface 
For historical and economical reasons, an asynchronous serial communication interface 
based on the Electronic Industries Association's ( EIA ) RS-232-C standard has be­
come widely used by the computer industry. Most terminals, personal computers, and 
peripheral devices come equipped with this type of communications interface. Because 
of this widespread use, the asynchronous RS-232-C serial interface was chosen as the 
user interface on the node units. 
Although the mechanical and electrical aspects of the interface have become very 
standardized in use, the data format and control protocols have not. The specific 
data format and control protocol of the user interface are defined by several attributes. 
Through careful configuration of these attributes, practically any device can be attached 
to a node unit. 
11 
Table 2.2: DIP Switch Attribute Settings 
DIP Switch 1 
utts oaud r.io, ot 
1 2 3 Rate Stoo Bits 
00 0 9600 1 
10 0 4800 1 
01 0 1800 1 
110 1200 1 
0 01 300 1 
101 150 1 
011 110 2 
111 75 2 
pit 4 
0 Parity disabled 
1 Parity enabled 
Pit !I 
0 Even parity 
1 Odd parity 
Pit b 
0 8·blt word length 
1 7 -bit word len1th 
bit ( 
0 Flow control enabled 
1 Flow control disabled 
D!t O 
0 �ON/XOFI" How control 
1 RS-232-C Row control . 
DIP Switch 2 
cits 
8-1
Low order byte of node address 
DlP Switch 3 
tits 
4-1
Low nibble of high order byte of node address 
01t :, 
0 Verbose Mode. enabled 
1 Verbose Mode disabled 
PJt b 
0 Connect Mode escape enabled 
1 Connect Mode escape disabled 
ort t 
0 OTR control disabled 
1 DTR control enabled 
01t t1 
0 Autobaud Mode dls.ibled· 
1 Autobaud Mode enabled 
Notes: Switch open = 1 and switch close = O. The high nibb1e 
of the high order byte of the node address ls assumed 0000. 
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Table 2.3: RS-232-C Electrical Specifications 
RS-232-C Electrical Specifications 
Mode of operation single-ended 
Logical 1 (Asserted) -15v to -3v
Logical O (Dropped) +15v to +3v
Maximum cable length SOft
Output short circuit Must withstand short to any 
other signal. 
2.3.1 Mechanical and Electrical Aspects 
All of the user interface signal lines are routed to a subminiature "D" 25 pin female 
connector ( type DB-258 ) . The key aspects of the electrical signaling that are used 
are summarized in Table 2.3 . Translation between this RS·232-C electrical signaling 
and standard TTL electrical signaling can be easily achieved using readily available 
integrated circuits. 
Table 2.4 lists the pin assignments and functions of each signal available on the user 
interface. All pins not listed a.re unassigned and not used by the node unit. In many 
cases, when RS-232-C control functions are not enabled, only three signal lines ( pins 
2, 3 and 7 ) are necessary to connect a user device. 
2.3.2 Character Format 
Figure 2.2 shows the possible asynchronous character formats that can be used on 
the user interface. The data word length, the type of parity bit, and the number of stop 
bits actually used depends on the node unit's current attribute values. In the case of 
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Table 2.4: User Interface Pin Assignments 
User Interface Pin Assignments 
Name Pin Source Function 
TD 2 User Input data from user device to node unit. 
RD 3 Node Output data from node unit to user device. 
RTS 4 User If RS-232 Flow Control is enabled, then this 
signal should be asserted by the user device to 
indicate it is ready for data from the node unit. 
If RS-232 Flow Control is disabled. then this 
signal is ignored. 
CTS 5 Node If RS-232 Flow Control is enabled, then this 
signal is asserted by the node unit to indicate 
it is ready to accept data from the user device. 
If RS-232 Flow Control is disabled. then this 
signal is always asserted by the node unit. 
DSR 6 Node Always asserted when the node unit is function-
mg. 
DCD 8 Node Asserted by the node unit when ever a session is 
active between the local node and some remote 
node. Dropped when no session is present. 
DTR 20 User lfDTR Control is enabled. this signal must be 
asserted by the user device to allow session es-
tablishment and to maintain a session. If this
signal is dropped during an active session, the 
the session is terminated. If DTR Control is 
disabled, then this signal is ignored. 
TEST 25 User Test signal input. This signal is used by the 
node unit during external loopback tests. It
serves no interface function. 
FG 1 Frame Ground. Connected to the node unit's 
signal ground. May be isolated from signal 
ground if necessary ( seejunpers E14 and E15 ). 
SG 7 Signal Ground. 
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Figure 2.2: User Interface Character Format 
word length and parity type, there is a corresponding attribute which specifies what is 
used. The number of stop bits used, however, depends on the current baud rate in use 
( see Table 2.2 ). When a parity bit ( even or odd) is used, the node unit generates the 
correct value on all transmissions to the user device. The node unit, however, ignores 
the parity bit on characters coming from the user device. 
2.3.3 Bit Rate 
The user interface can operate over a range of standard baud ( bit ) rates: from 75 
bits/second to 9600 bits/second. H Autobaud Mode is not enabled, the default baud 
rate is determined at reset by a DIP switch setting ( see Table 2.2 ). The baud rate 
attribute may be changed via the Command Mode. 
Autobaud Mode provides a powerful method for setting the operating baud rate. In 
Auto baud Mode a node unit attempts to determine at what baud rate the user device 
is operating. The user device sends one or more ASCII carriage return characters 
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( OD HEX) in rapid succession to the node unit until the node ascertains the baud rate. 
Upon successfully determining the baud rate, the node unit enters Command Mode 
and the Command Mode sign-on message is displayed. 
If enabled, a node unit will enter Autobaud Mode after reset and after the termina­
tion of a session. Autobaud Mode will also be entered when enabled from Command 
Mode. A node will leave Autobaud Mode when either the user device's baud rate is 
determined or when a session �s established by a remote node unit. In the latter case
the node unit enters Connect Mode and will operate the user interface based on the 
current baud rate attribute. 
2.3.4 Flow Control 
During a session in Connect Mode, node units support the capability to control the 
flow of data to and from the attached user devices. H data is coming from the user 
interface too fast for the user device to process, the user device may request the node 
to stop sending data. There are several reasons why a node unit may need to request 
the attached user device to stop sending data: 
• The device attached to the remote node invoked flow control.
• The remote device is operating at a slower baud rate than the local device.
• Network congestion may delay the node unit from transmitting the user data to
the remote node.
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Two methods of flow control are available on the user interface: RS-232-C control 
signal hand shaking and XON/XOFF character hand shaking. If RS-232 flow control is 
enabled, the flow of data is controlled by the RTS and CTS hand shaking signals on the 
user interface connector ( see Table 2.4 ). If XON/XOFF flow control is enabled, data 
flow is controlled by the use of two characters: XON ( an ASCII control Q, llHEX ) 
and XOFF ( an ASCII control S, 13HEX ). When either the node unit or the user 
device needs to invoke flow control ( i.e., stop the data transmission to itself), it sends 
an XOFF character. The flow control is removed when an XON is sent. Note that 
-flow control can be invoked. in either direction: one direction by the node unit and the 
other by the user device. To prevent a deadlock of the user interface, the node unit 
will transmit a XON /XOFF as needed even if the user device has invoked flow control. 
2,4 Command Mode 
When a node unit· is in Command Mode the attached user device can establish a 
session, change operating attributes, and query the node's status by issuing commands 
on the user interface. When a node enters the Command Mode either from reset or 
from Autobaud Mode, a sign-on message is displayed. The sign-on message includes 
the node's software version number and the node's current network address. After the 
sign-on message is sent, the node unit prompts for a command by sending an ASCII 
colon ( 3AHEX ). It is at this point that commands can be issued by the user device. 
Figure 2.3 shows a sample sign-on message and prompt. 
The following sections describe the syntax and details of the commands. A note of 
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ADSL LAN Version 1.0, Local Address = 0123 
Figure 2.3: Sa.mple Sign-on Message 
ca.ution: many of the comma.nds cha.nge the operating attributes of the user interfa.ce. 
Once one of these commands ( e.g., Baud) is issued, the user device must change its 
communication interface to ma.tch the new setting before communication is possible 
again with the node. 
2.4.1 Syntax 
The format of command is 
< command name> <parameter name>< er> 
where the command name and possible parameter name are separated by one or more 
spaces. The command is then terminated with an ASCII carriage return. Only the 
characters that uniquely distinguish the command or parameter name need be typed. 
An ASCII backspace ( OSnEx) or an ASCII delete ( 1FnEx) may be used at any time 
to correct any entry errors. 
A node unit can operate in a conversational mode which is helpful when a per­
son is issuing commands directly. If Verbose Mode is enabled, a node unit provides 
name completion, interactive help, and extended status and error messages. When 
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:flow ? 
Available parameters · 
{ Xon/xoff I Rs232 I Disable} 
:flow 
Figure 2.4: Sample Interactive Help Display 
the characters that uniquely distinguish the command or parameter name ( or more 
characters of the name ) have been entered, a space or carriage return ,causes the node 
to complete the name. An ASCII question mark ( 3FnEx ) can be entered at any point 
causing the display of appropriate help information. Figure 2.4 is an example of the 
interactive help. The effect of Verbose Mode on status and error messages is discussed 
in Section 2.4.3. 
2.4.2 Command Detail 
The following notational conventions are used to describe command format in this 
section: 
Uppercase Characters shown in uppercase must be entered to 
uniquely define the ·command name or parameter name. 
Lowercase The remaining lowercase characters of the command 
name or parameter name are not significant and may 
be omitted. 
{ } One and only one of the enclosed parameters must be 
entered. The braces are not entered. 
The vertical bar separates options within braces { } . 
xxxz A four-digit hexadecimal number. Leading zero ( 0 ) 
digits may be omitted. 
xx A two-digit hexadecimal number. Leading zero ( O ) 
digits may be omitted. 
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Figure 2.5 is a summary of the available comm.ands. Form.at and details of each 
command follow. 
ADDRESS Command 
Format: ADdress { xxxx } 
.Sets the node unit's address to the specified parameter. If issued when a session is 
active the command has no effect. Default value is specified by DIP switch settings. 
AUTOBAUD Command 
Format: A Utobaud { Enable I Disable } 
Enables or disables Auto baud Mode according to the specified parameter. IF Au­
to baud Mode is enabled when no session is active, Command Mode is enter-ed. Default 
value is specified by DIP switch settings. 
BAUD Command 
Format: Baud { 75 I 110 I 150 I 900 I 1200 I 1800 I -1800 I 9600} 
Sets the user interface baud rate to the specified parameter. Default value is spec­
ified by DIP switch settings. 
CONNECT Command 
Format: Connect { x:cxx } 
Requests a session with a remote node u.nit with an address specified by the para­
meter. If a session is established, Connect Mode is entered. If a session is already 
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• Node Attribute Control Commands:
- ADdress { =ex }
- AUtobaud { Enable I Disable }
- Baud { 76 I 110 I 150 I 300 I 1200 I 1800 I 4800 I 9600 }
- DTr { Enable I Disable }
- Escape { Disable I = }
- Flow { Xon/xoff I Rs232 I Disable }
- Peri ty { Odd I Even I Disable }
- Timeout { xx }
- Verbose { Enable I Disable }
- Word { 8bit I 7bit }
• Session Control Commands:
- Connect { =ex }
- Disconnect
- Resume
• Status Report Commands:
- Help
- Status
Figure 2.5: Command Summary 
, 
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active, the command has no effect. 
DISCONNECT Command 
Format: Disconnect 
Requests the currently active session be terminated. If issued when no session is 
active, the command has no effect. 
DTR Command 
Format: DTr { Enable I Disable } 
Enables or disables DTR control on the user interface according to the specified 
parameter ( see Table 2.4 on page 14 ). Default value is specified by DIP switch 
settings. 
ESCAPE Command 
Format: Escape { Disable I zxxx } 
Sets the Connect Mode escape sequence to a two ASCII character sequence or 
disables escape according to the specified parameter. Default value of "enabled" or of 
"disabled" is specified by DIP switch settings. If enabled, the default Connect Mode 
escape sequence is 1818HEX ( control X, control X ). 
FLOW Command 
Format: Flow { Xon/xoff I Rs292 I Disable } 
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Enables either RS-232 or XON/XOFF flow control or disables flow control on the 




Displays a summary of available commands. 
PARITY Command 
Format: Parity { Odd I Even I Disable } 
Sets the parity on the user interface to even or odd parity, or disables parity ac­
cording to the specified parameter. Default value is specified by DIP switch settings. 
RESUME Command 
Format: Resume 
Re-enters Connect Mode after an escape from Connect Mode to Command Mode. 
If issued when no session is active the command has no effect. 
STATUS Command 
Format: Status 
Displays the current attribute values of the node unit. The node's local address, 
user interface attributes, and current session status are displayed. Figure 2.6 is an 


























- Active with remote node OABC
Figure 2.6: Sample Status Command Display 
TIMEOUT Command 
Format: Timeout { xx } 
Se,ts the user interface character buffering timer restart value to the specified pa-
rameter. The value is specified in units of 12.8 milliseconds. Default value is 05HEX
( 64 milliseconds ) . 
VERBOSE Command 
Format: Verbose { Enable I Disable } 
Enables or disables Verbose Mode according to the specified parameter. Default 
value is specified by DIP switch settings. 
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WORD Command 
Format: Word { 8bit I 7bit } 
Sets the user interface word length according to the specified parameter. Default 
value is specified by DIP switch settings. 
2.4.3 Status and Error Messages 
A node unit will send unsolicited messages to the user device in response to some status 
changes or error conditions. The format for these status/error messages is 
f<bell>xxxyy - Verbose Message. 
Messages begin with an ASCII exclamation point ( 21nEx) followed by an ACSI! bell 
character ( 07HEX ). Three characters, xu, follow, identifying the software module 
that issued the message: NET for the Network Layer, DLK for the Data Link Layer, 
and COM for the Command Layer. Two more characters, YY, follow, which uniquely 
identify the particular status/error condition being reported. If Verbose Mode is en­
abled, a text message follows describing the status/error condition. The following are 
the details of possible status/error messages. 
!COMCE - Command Syntax Error.
There was a syntax error in the command name issued by the user device. 
!COMPE - Parameter Syntax Error.
There was a syntax error in the command name issued by the user device. 
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!COMSL - Command String Too Long.
The command string ( command name, parameter na.me and spaces ) issued by the 
user device was too long. 
!NET01 - Retry exceeded1 No response from remote.
The maximum number of retransmissions of a packet has been exceeded. The current 
session, if any, is ungracefully terminated. 
!NET02 - Watch dog time out1 No response from remote. 
The maximum number of retransmissions of a watch dog packet has been exceeded. 
The currerit session is ungracefully terminated. 
!NET11 - Session established via local.
A session, requested by the local user device, has been Successfully established with the 
remote node unit. 
!NET12 - Remote is busy.
The remote node unit currently ha.s a session with another node. The requested session 
is not established. 
!NET19 - Remote is not available. 
The remote node unit is currently unable to accept a. session. The requested session is 
not established. 
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!NET14 • Session closed via local.
The current session has been gracefully terminated by a request from the local user 
device. 
!DLK01 • Backoff retry exceeded.
The maximum number of backoff retransmissions of a packet has been exceeded. The 
current session is ungracefully terminated. 
!DLK02 . Network jammed.
The maximum number of access attempts has been exceeded. The current session is 
ungracefully terminated. 
!DLKOS � Defer timeout. 
The maximum number of access deferrals has been exceeded. The current session is 
ungracefully terminated. 
2.5 Connect Mode 
Figure 2.7 is an example of a session request via. the Connect command which was 
successfully established. At this point both nodes, local and remote, enter Connect 
Mode. Any data. that the attached user device sends to the user interface is now 
relayed by the local node to the remote node. The remote node then sends the data 
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--------------- ---- - ---
; connect abc 
! NET11 - Session established via local.
Figure 2. 7: Sample Connect Command 
to its attached user device. Data is similarly sent from the remote user device back to 
the local device. Thus a virtual circuit exists between the two devices. 
2.5.1 Session Establishment 
A node can have a session established in two ways: by a comm.and request issued from 
the locally attached user device or by a remote user request. In either case, if DTR 
control is enabled, the DTR signal on the user interface must be asserted by the local 
user device before the session can be established. The DTR signal can give the user 
device control over whether a session is established or not. 
When a session is established, the node unit will assert the DCD signal on the user 
interface ( see Table 2.4 on page 14 ) and light the user status LED to indicate that 
a session is active. During the course of the session the user status LED will show 
activity on the virtual circuit by flashing the LED off momentarily whenever a packet 
is sent or a received packet is acknowledged. 
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2.5.2 The Virtual Circuit vs. the Physical Circuit 
The virtualcircuit provided by the ADSL LAN differs from a physical point-to-point 
connection in several important ways. First, with the virtual circuit, there is a full 
translation of communication protocol between the two attached user devices. The 
user of one node may be operating with one set of attributes while the user of the other 
node is operating with a totally different set of attributes. Thus, for example, one 
user device operating with XON/XOFF flow control and a 9600 baud rate can reliably 
communicate with another device operating with RS-232 flow control and a 300 baud 
rate. Such a translation is not possible with the simple cable connection. 
The flexiblity and versatility provided by the LAN is not, however, without some 
costs. Namely, data transmission through a virtual circuit suffers delays. Delays arise 
from the data packaging process, from contending for access to the shared bus, and from 
the transmission time on the bus. By using a bus transmission rate faster than that of 
the user interface, bus transmission delays are minimized. The number of contention 
delays can be reduced by sending fewer packets, each with more data. Larger packets 
also make better utilization of the bus bandwidth. As the packet size increases, the 
overhead ratio of encapsulating control information to actual user data sent decreases. 
To limit the packaging delay while maintaining large packets, a buffering timer is 
used. Whenever the node unit receives a character from the user device, the node 
places the character in a buffer and resets the timer. While the node waits for another 
character from the user, the timer counts down. If the timer reaches zero before 
another character is received, all the data in the buffer is packaged up and seilt over to 
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the remote node. However I if a character is received before the timer reaches zero, the 
character is added to the buffer and the timer is reset. Thus, as long as the user device 
sends characters at a rate faster than the timer restart value, the buffer of data will 
continue to grow and not be sent. If the buffer reaches a maximum size ( 122 bytes ), 
it is packaged and sent regardless of the timer's value. The timer's restart value is a. 
node attribute, which can be changed via Comm.and Mode. The default restart value 
is 64 milliseconds. 
Another important difference between the virtual circuit and the physical circuit 
is data transparency. In the physical circuit characters pass between the two devices 
unchanged. With the virtual circuit, on the other hand, there a.re two cases where 
a character sent by a device does not reach the other device. In the first case, if 
XON/XOFF flow control is used on a user interface, XON and XOFF characters sent 
by the user device are absorbed by the node unit and are not sent to the remote 
device. This will not be a problem in most applications if the proper type of flow 
control is set up. The second case occurs when the Connect Mode escape sequence is 
enabled. If this escape sequence is enabled, the node will exit Connect Mode when the 
attached user device sends a special two-character sequence. This character sequence 
is absorbed by the node unit. P.roblems can arise when the data stream from the user 
device contains the escape sequence. By either changing or disabling the Connect Mode 
escape sequence, the trouble can be avoided. 
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2.5.3 Session Termination 
A session between two node units can terminate either gracefully or ungracefully. When 
both nodes in the session agree to terminate, the session is gracefully terminated. 
When a session is terminated, either gracefully or ungracefully, the node unit will enter 
either Command Mode or Autobaud Mode depending on whether Autobaud Mode is 
disabled or not. As in the session establishment, either node can request that the 
session be terminated. If DTR control is enabled and the DTR signal is dropped, 
the session will terminate gracefully. Another way to terminate a session gracefully 
is to utilize the Connect Mode escape sequence. If enabled, the node unit will leave 
Connect Mode and enter Command Mode when the user device sends a specific two 
character sequence ( e.g., control X, control X ). Note that although the node iS now in 
Command Mo4e the session is still a.ctive and Connect Mode may be re-entered using 
the Resume command. In Command Mode, a Disconnect command ca.n be issued which 
will gracefully terminate the session. 
Ungraceful session termination a.rises when one node terminates a session and the 
other node is not informed. This can happen when an unrecoverable node error occurs 
or a node is reset. The uninformed node will continue to assume the session is active 
until it transmits a packet. At this time an unrecoverable error will occur, since the 
packet is not acknowledged by the missing node. During periods of no activity on 
a virtual circuit, the node units will exchange "watch dog" packets with ea.Ch other 
approximately every 30 seconds. This guarantees that the uninformed node in an 
ungraceful termination will eventually learn of the termination. 
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Chapter 3 
The Hardware and Software 
3,1 Hardware 
A block diagram of the node unit hardware is shown in Figure 3.1. The hardware 
is microprocessor based. All components are readily available and inexpensive. Ap­
pendix A contains a component list and detailed schematics of the circuitry. Contact 
the Advanced Digital Systems Laboratory for the most recent revisions. 
3.1.1 Microprocessor 
Central to the node unit is the 8032 single-chip n..1croprocessor manufactured by Intel 
Corporation. The 8032 processor contains a control-oriented 8-bit CPU; 256 bytes 
of read/write data memory; 32 I/0 lines; three 16-bit timer/counters; a six-source, 
two-priority level, nested interrupt structure; a prograinmable serial 1/0 portj and an 
on-chip oscillator with clock circuitry. The 8032 processor can address up to 64k bytes 
of external data memory and up to 64k bytes of external program memory. For further 
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Figure 3.1: Block Diagram of the Node Unit Hardware 
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details on the 8032 processor's architecture and instruction set see the Microcontroller
Handbook [1]. 
A 12.00 MHz crystal provides the time reference for the oscillator and clock circuitry. 
A simple resistor/capacitor network is used to generate a power-on reset signal. An 
octal D-type latch, the 7418373, is used to separate the multiplexed address/data bus 
of the 8032 processor. This provides separate address and data signals for the external 
memory and user interface circ.uitry. The user status LED is controlled by an I/0 pin
of the 8032 processor via an inverting buffer. 
The on-chip serial port is used as the communications channel to the shared cable 
bus of the network. The ADSL LAN software programs one of the timer/counters 
to generate timing for the serial port. Another timer/ counter is used for software 
timing. The third timer/ counter is not currently utilized by the software. The external 
interrupt INTI pin is tied low. This allows an interrupt to be generated under software 
control. 
The EA pin, which controls instruction fetches, can be jumpered high or low. Nor­
mally it is jtimpered low ( jumpers E5 and E6 connected ), forcing the processor to 
execute from external program memory. If jumpered high ( jumpers E4 and E5 con­
nected ), an 8052, 8051 or 8751 processor or an ICE51/52 emulator can replace the 
8032 processor in the hardware. These are all devices with internal program memory. 
This replacement can be helpful for testing purposes. However, note that the current 
version of the ADSL LAN software requires the use of an 8032 processor. The ADSL 
LAN software utilizes the addition on-chip RAM present in the 8032 processor. 
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3.1.2 External Memory 
An ultraviolet-erasa.ble, programmable ROM ( EPROM) device is used for the external 
program memory. Either a 2764 or a 27128 industry standard type EPROM can be 
used in the hardware without modification. The 2764 is an Sk by 8-bit device and the 
27128 is a 16k by 8-bit device. However, note that the current version of the ADSL 
LAN software requires the use of a 27128 type EPROM. For compatibility with the 
8032 processor's access timing, an EPROM with an address-to-output delay of 250ns 
or less must be used. If an 8751 processor is used with the external program memory 
present ( as is done with the hardware diagnostic software ), an EPROM with an 
address-to-output delay of 200ns or less must be used. 
A static CMOS RAM device is used for the external data memory. Either of the 
HM6116 Qr HM6264 memory devices manufactured by Hitachi can be used. The 
HM6116 is a 24-pin 2k by 8-bit device and the HM6264 is a 28-pin 8k by 8-bit de­
vice. If an HM6264 is used, jumpers El and E2 must be connected. If an HM6116 is 
used, pin 1 of the device must be installed into pin 3 of the socket and jumpers E2 and 
E3 must be connected. The current version of the ADSL LAN software requires only 
2k bytes of external data memory. Therefore, either of the two devices can be used. A 
device with an access time of 200ns or less is compatible with the processor's external 
data memory timing. Pin compatible CMOS RAM devices are available from other 
manufacturers. 
The base address of the RAM is at address OOOOHEX in the external data memory 
space. Note that there is no conflict between the external data memory and the external 
35 
program memory, since the two reside in two different address spaces. Each space has 
a different set of control signals from the processor: PSEN for the program memory, 
RD and WR for the da.ta memory. 
3.1.3 Switch Bank 
A bank of three 8-switch DIP switch packages, a total of 24 bits of information, is 
available on the node unit to be read by the processor. The functional definition of 
each switch is entirely determined by the software. The three lower bits of Port 1 of the 
processor supply a. scan address to three 3-to-8 open collector decoders. Each decoder's 
outputs are then used to select corresponding switches on a DIP package. Each DIP 
switch package has the other side of its switches all tied together and routed into the 
processor. See Figure A.4 of Appendix A. Thus the processor can read the setting 
of any switch by selecting the appropriate address and reading the appropriate DIP 
package input signal. 
3.1.4 User Port 
The user interface hardware is based on the INS8250A Aysnchronous Communications 
Element ( ACE ) manufactured by National Semiconductor Corporation. The ACE 
performs serial-to-parallel conversion on the data. characters received from the user 
device and parallel-to-serial conversion on the data characters receive'd from the pro­
cessor. The serial interface characteristics ( data word length, parity bit generation 
and detection, stop bit generation, and baud :rate generation ) are fully progiam.mable 
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by the processor. The ACE includes a fully prioritized interrupt system and internal 
diagnostic capabilities. For more detailed information see National Semiconductor's 
data sheet [3]. 
Although INS8250A ACE includes on-chip oscillator circuitry, this circuitry was not 
used because it would not oscillate reliably. Instead, an external oscillator circuit made 
up of TTL gates and a l.8432MHz crystal is used. Depending on the characteristics 
of the particular crystal used, a small trimming capacitor across the crystal may be 
necessary. The availablity of several chip enable lines on the ACE makes the decode 
logic for chip selection simple. The ACE's control and data registers are memory 
mapped into the external data memory space. The base address is mapped to 8000HEX· 
The serial input and output lines of the INS8250A ACE are interfaced to the user 
connector via a 75189 line receiver and a 75188 line driver, respectively. These two 
devices provide full conformance with the electrical specifications of the EIA RS-232-C 
standard [SJ. The 75189 and 75188 devices are manufactured by Texas Instruments, 
but interchangeable devices are also available from other manufacturer�. 
3.1.5 Transceiver 
The transceiver circuitry interfaces the on-chip serial port of the processor to the shared 
twisted-pair cable bus. The circuitry consists of a differential line driver and a differen­
tial line receiver attached directly to the twisted pair. A single transceiver integrated 
circuit ( the 75176) or separate driver ( the 75174) and receiver ( the 75175) inte­
grated circuits can be used. The appropriate jumper connections must be made ( see 
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Appendix A ) . For either case the driver enable control is operated by an output of 
the processor. The jumpers also allow the circuitry to be configured to operate with 
transceiver logic mounted off the node unit itself. This option separates the transmit, 
receive, and driver enable signals on the edge connector. This remote transceiver option 
should be used when the node unit itself can not be physically near the cable bus. For 
more information on the electrical characteristics of the line drivers and line receivers 
see references [4,5] and Chapter 4. 
3.1.6 Hardware Diagnostic Software 
During the development of the hardware and controlling software for the ADSL LAN, a 
hardware diagnostic software package was written. The software is designed to help find 
and diagnose problems with the node unit hardware by replacing the normal controlling 
software in the node. Only a minimal amount of the hardware needs to be functioning 
for the diagnostic software to run. Appendix B contains a listing of the hardware 
diagnostic software. Contact the Advanced Digital Systems Laboratory for the most 
recent revisions. 
There are four different versions of the diagnostic software corresponding to four 
processor /memory environments. By setting an appropriate compiler switch in the 
source code, a version can be generated to run in an 8751 processor, an ICE51 emulator, 
an 8032 processor and a 2764 EPROM, or an 8032 processor and a 27128 EPROM. 
The versions that operate in a smaller memory environment contain only a basic set 




8751 processor and ICE51 emulator versions are particularly useful because they do 
not depend on the external memory circuitry. 
On reset of the diagnostic software the user status LED should be initially lit, 
then extinguished if the processor is running properly. A test of the user interface is 
then run. If the test is successfully completed, then the status LED is fl.ashed on for 
approximately a-half second. After completing the user interface test, the user interface 
is set to a 9600 baud rate, no parity bit, and 8-bit word length regardless of the current 
DIP switch settings. A sign-on message and prompt are then displayed. At this point 
commands can be issued to execute a variety of tests. Figure 3.2 shows the commands 
available with the diagnostic software. 
Dn Disable test n. 
En Enable test n. 
F Run all enabled tests forever. 
H Display command help menu. 
P Toggle External EPROM size. 
Q Toggle quiet mode on/ off. 
R Toggle External RAM size. 
S Show status and availability of all tests. 
T Run all enabled tests. 
Tn Run test n. 
Figure 3.2: Command Summary of the Hardware Diagnostic Software 
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3.2 Software 
Since the node unit hardware is very general in nature, most of the node's functions 
are implemented in software. Some early software attempts were written in assembly 
language. As the required complexity of the software became apparent, the use of 
assembly language for the task looked nearly impossible. A decision was made to 
use PL/M-51, an implementation of Intel's high-level language compiler for the 8051 
processor family. The use of PL/M-51 has allowed faster software development with 
fewer errors as compared to the use of assembly language. The traditional costs of 
using a high-level language, namely increased code size and decreased speed, are not 
too severe with PL/M-51. 
3.2.1 PL/M-51 Language 
Similar to IBM's PL/1 mainframe language, the PL/M-51 language provides block 
structure and powerful control constructs for structured programming, data structure 
facilities, and data type checking. Yet, all of the low-level processor features are still 
readily accessible. The PL/M-51 compiler translates the language into machine exe­
cutable object modules. Separate modules can then be _linked into one program module 
using the RL-51 linker utility. For detailed information on the language and compiler 
see the PL/M-51 User's Guide [2]. 
The high�level language has been efficiently designed t_o map into the machine level 
architecture. For example, the compiler optimizes the use of on�chip RAM by overlaying 
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local variables. Under this optimization, local variables of different procedures share 
the same location of on�chip RAM, provided the procedures do not call each other. This 
makes very efficient use of the limited on�chip RAM. However, it can cause trouble. 
The compiler views interrupt service procedures as being called by no other proce­
dures, causing the service procedure's local variables to ov erlay other local variables. 
So when an interrupt occurs ( at most any time ) the interrupt service procedure can 
destroy the interrupted procedure's local variables. Interrupt service procedures should 
be viewed instead as callable by all procedures, since an interrupt can occur any time. 
To avoid this trouble, all interrupt service procedures and procedures they call should 
be declared with the INDIRECTLY-CALLABLE attribute. 
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Chapter 4 
The ADSL LAN Architecture 
To make the ADSL LAN architecture more manageable, the system is organized in 
layers. Figure 4.1 shows how the communication functions are partitioned into a hier-
archical set of layers. These layers correspond approximately to the lower layers 
of the International Standards Organization's Open Systema Interconnection model [6]. 
Each layer performs a related subset of the functions required in the communication 
process. A layer relies on the next lower layer to perform more primitive functions 
while concealing the details of those functions. A layer also provides services to the 
next higher layer. The Physical Layer and parts of the User Layer are implemented 
in hardware. The remaining layers ar_e implemented in software that runs on the node 
hardware. Appendices C through I contain software listings of t}ie modules that com­
prise the A,DSL LAN's controlling software. Each module corresponds to a layer of 
the architectural model, with the exception of the Timer Server module. This module 
provides timing services for the entire system. 
When a node unit is in Connect Mode, data from the user device is received by 















• Network Flow Control
• Data Block Buffering




Data Link Layer 
• Interrupt Driven
• Raw Packet Transmission
and Reception
• Error Detection







• User System Control
Figure 4.1: Overall Layered Structure of the ADSL LAN 
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Layer into a block and passes the block of characters to the Network Layer. The 
Network Layer encapsulates the data block to form a packet and passes this packet to 
the Data Link Layer. The Data Link Layer then transmits the packet over the shared 
cable bus ( the Ph�sical Layer ) . At the remote node the process is reversed. The 
Data Link Layer receives a packet from the Physical Layer. The data passes back up 
through the layers to  be eventually sent character-by-character to the attached user 
device by the User Layer. Thus, a virtual circuit involves processing the local user's 
data through a series of layers, to a layer common to all nodes ( the Physical Layer ) 
and then processing the data in reverse order on the remqte node to end up at the 
remote user device. 
When a node unit is in Command Mode, data passes from the user device through 
the User Layer to the Command Layer. Similarly, data. from the Comm.and Layer 
passes through the User Layer to the attached user device. If a. session is currently 
active while in Command Mode, all data packets received by the node are held in the 
Network Layer. When the node returns to Connect Mode, the held data. is then passed 
as usual to the user device. 
4.1 Physical Layer 
The Physical Layer handles bit level character transmission and reception on the shared 
twisted-pair cable bus. It also covers the electrical signalling aspects used on the bus. 
All of the Physical Layer's functions are implemented in hardware utilizing the 8032 
processor's on-chip serial port and the RS-485 differential transceiver circuitry. 
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Figure 4.2: Physical Layer Character Format 
4.1.1 Character Format 
The 8032 processor's programmable serial port is operated in Mode 1: 8-bit UART 
with variable baud rate. Figure 4.2 shows the character format used by the serial port. 
The 1-to-0 transition of the start bit synchronizes the serial port receiver to the data 
bit stream that follows. The serial port employs a bit detector for noise rejection. The 
detector samples the signal values three times over the course of a bit time. The bit's 
value is then taken to be the value of at least two of the three samples. Note that the 
bit detector is used on the start bit as well as the data. bits. This helps to prevent false 
triggering of the whole character reception process and reduces data reception errors. 
4.1.2 Bit Timing 
When operating in Mode 1 the serial port derives its bit timing from an on-chip timer's 
overflow rate. The timer is configured as an 8-bit counter with automatic reload. With 
a reload value of FF HEX and the SMOD control bit set, the serial port operates with 
a bit rate of 62.5k bits per second. The serial port hardware is capable of operating at 
faster rate, but the node software cannot keep up character handling with rates much 
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Table 4.1: RS-485 Electrical Specifications 
RS-485 Electrical Specifications 
Mode of operation differential 
Logical 1 (Asserted) Terminal A negative with re-
spect to Terminal B 
Logical O (Dropped) Terminal A positive with re-
spect to Terminal B 
Maximum cable length 4000ft 
above 62.Sk bits per second. The inter-character timing is a function of the Data Link 
Layer. 
4.1.3 Electrical Aspects 
The serial port's input and output are connected to transceiver logic that drives the 
shared twisted-pair cable bus. The electrical aspects of the transceiver logic is based on 
the EIA RS-485 standard which was introduced in 1983 as an upgraded version of the 
EIA RS-422-A standard [4]. Table 4.1 summarizes key electrical aspects of the RS-485 
standard. The standard allows multiple drivers a .. td receivers on a single twisted-pair 
cable. 
Together the differential drivers and receivers along with twisted-pair cable make 
a very low noise transmission medium. Due to mutual coupling of adjacent wires in 
twisted-pair cable, both wires are equally affected by electromagneticaIIy and elec-
trostatically coupled noise. This results in a net common-mode noise voltage with 
respect to ground. The common-mode noise voltage is rejected by the receiver, since 
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the receivers are only sensitive to differential-mode voltages. To further reduce noise 
problems, the stub ( or tap ) lengths off the main cable to the transceiver logic should 
be kept as short as possible. Also, the cable should be terminated at both ends with 
the cable's characteristic impedance. 
4.2 Data Link Layer 
Using the basic character tranSmisslon and reception services available from the Phys­
ical Layer, the Data Link Layer provides packet transmission, reception, and acknowl­
edgement services to the Network Layer. The Data Link Layer also handles transmis­
sion error detection, limited error recovery, and shared access to the cable bus -using 
the CSMA/ CD technique. 
To ensure that packets are received by the nodes they are destined for, each packet 
broadcast is acknowledged by the destination node when the packet is received cor­
rectly. The acknowledgement is a; single character sent by the receiver immediately 
after the packet is received. The Data Link Layer will broadcast a packet for the Net­
work Layer and will return to the Network Layer the acknowledgement character if 
received. Similarly, the Data Link Layer will give the Network Layer any error-free 
packets received and will transmit an acknowledgement character for each packet if 
requested by the Network Layer. Note that the contents of acknowledgements, as well 
as that of packets, are of no concern to the Data Link Layer. 1 The Data Link Layer 
1This is not qllite true. The data length field of the packet as defined by the Network Layer is used by
the Data Link Layer to determine the total packet length during packet transmission and reception. 
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Figure 4.3: Inter-character Timing within a Packet 
provides only the packet/acknowledgement transaction service. It is up to the Net-
work Layer to evaluate acknowledgements and packets received, and to determine if 
any acknowledgement should be sent. 
4.2.1 Packet Timing 
The Data Link Layer imposes the packet construction on the simple character trans-
mission and reception services of the Physical Layer. The Data Link Layer considers 
a packet to be a series of characters transmitted sufficiently close together. Figure 4.3 
illustrates the relative inter-character timing within a packet. Ideally, characters should 
be transmitted as close as possible to utilize the bus bandwidth efficiently. To allow 
the character receiver logic of the serial port to reset properly, the absolute minimum 
inter-character delay must be one bit time. In practice, due to delays of the soft-
ware in handling the characters, the actual inter-character delay is on the order of 60 
microseconds ( a.bout 4 bit times ). Thus, using the terminology of the CSMA/CD 
technique, a. carrier is sensed ( or detected ) whenever characters a.re received within 
an inter-character delay of each other. 
A timer is used to implement this carrier detection feature. Whenever a character 







Figure 4.4: Inter-packet Timing 
packet 
waits for another character, the timer counts down. If the carrier timer reaches zero, 
the carrier is considered lost. Thus, the restart value used to reset the timer should 
be at least equal to the maximum inter-character delay. This will avoid losing the 
carrier while receiving a packet. The actual restart value used is determined by the 
literal 2 carrier_timer_restart declared in the Data Link Layer software module ( see 
Appendix H ) . 
Figure 4.4 illustrates the timing relationships between a packet transmission, its 
acknowledgement character, and the next packet transmission. After a node transmits 
a packet, there is a small period of time, or window, in which the receiving node can 
acknowledge the packet. Normally the node which transmitted the packet will receive 
a character within this window and will pass it to the Network Layer. If the node does 
not receive a character within this window, the packet is considered not acknowledged 
and the event is reported to the Network Layer. 
The acknowledgement window should be long enough to allow a receiving node's 
Network Layer to evaluate the received packet and.possibly respond with an acknowl-
edgement. This response time is dependent on the software. Typical response times 
2This is a PL/M-51 language literal. 
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of 450 microseconds ( about 28 bit times ) have been measured. The window timing 
is implemented with a count down timer. The timer's restart value ( the window's 
width ) is determined by the literal ack_timer _restart declared in the Data. Link Layer 
software module ( see Appendix H ). Notice that the carrier_timer_restart literal must 
have a value larger than the aclc.-timer _restart literal value to avoid loss of carrier in 
the acknowledgement window. 
4.2.2 Error Detection 
To detect transmission errors in a. packet, the Data Link Layer appends a checksum 
character to the packet received from the Network Layer ( see Figure 4.5 ). As the 
Data Link Layer transmits the Network Layer's packet, a sum is computed of all the 
characters transmitted. This sum is then transmitted as the la.st character of the 
packet. As the Data Link Layer receives a packet, a sum of the received characters is 
computed. This sum is then compared with the last character received ( the checksum 
transmitted with the packet ). Normally, if no transmission errors have occurred, 
this newly computed checksum is equal _to the transmitted checksum. However, if a 
transmission error occurs ( i.e., the node does not receive the same character values 
transmitted ) then the two checksums would not be equal. s 
Whenever a packet is received correctly ( no error detected ) , the Data Link Layer 
3There is a small probability that the err�r in the packet is such that the two checksums are equal. 
Hence, the error would not be detected. There are more rigorous error check methods ( e.g., cyclic 
redundancy checks ); however, they require much more computational overhead. 
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passes it to the Network Layer for evaluation. Depending on the results of the evalua-
tion, the Network Layer may request the Data Link Layer to send an acknowledgement. 
Whenever an error is detected in a received packet it is discarded and not passed to the 
Network Layer. Notice that this means that an incorrectly received packet will never 
be acknowledged. 
4.2.3 Collision Avoidance, Detection and Recovery 
Since the transmission medium of the ADSL LAN is shared among all the nodes, the 
nodes must take turns transmitting on the cable bus to avoid transmitting simultane-
ously ( colliding ). As a first step in avoiding collisions, the Data Link Layer will not 
begin a packet transmission while a carrier is detected. Thus, the Data Link Layer 
will not begin transmitting if another node is currently transmitting. However, due to 
limitations in the carrier detection method and signal propagation delays on the cable 
bus, collisions can still occur. When a node begins a packet transmission, it takes a 
finite period of time for the signal of the first character to propagate to all the nodes on 
the cable bus. Additionally and more importantly, a node must receive the entire first 
character before the node detects a carrier. Thus, there is. a period of time at the· start 
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,of a packet transmission that another node, wishing to transmit also, will not detect 
a carrier yet and will begin transmitting. This period of time, or collision window, is 
approximately equal to a character transmission time, since the transmission time is 
much larger than propagation delays. 
To reduce this possiblity of collision, nodes do not imediately begin a packet trans­
mission when they find the cable bus not in use ( i.e., no carrier detected ). Instead, 
when a node wishing to transmit finds no carrier, the node first waits ( defers ) a 
random period, then checks again for a carrier before the packet is transmitted ( see 
Figure 4.4 on page 49 ). If a node detects a carrier after deferring, the node will not 
begin transmitting, but will wait for no carrier and begin the deferring process again. 
This random-defer-then-check method helps to avoid the guaranteed collision of two 
nodes waiting for a third node to finish a packet transmission. The total number of 
times the Data Link Layer will defer for a particular packet transmission attempt is 
determined by the literal maz_defer-count declared in the Data Link Layer software 
module ( see Apperidix H ). If this value is exceeded, a fatal error occurs and the 
session is ungracefully terminated. 
The Physical Layer is capable of receiving its own transmissions on the shared bus. 
The Data Link Layer uses this ability to detect collisions with another node's trans­
mission. As the Data Link Layer transmits each character of a packet, it compares 
the received character to the character just transmitted. Normally the two are equal. 
When two nodes transmit simultaneously, though, the two electrical signals are su­
perimposed and distorted. Neither of the nodes will receive back the character they 
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attempted to transmit. Thus, each node will detect the collision. 
When a collision is detected, each node will abort the transmission of the remainder 
of its packet. Each node then backs off and attempts to retransmit its packet at a 
later time. Notice that the random defer before packet tran.smiting helps to avoid the 
collision of the two nodes again after the back off. The period of time the Data Link 
Layer will wait after a collision is determined by the literal backoff_timer _r�start declared 
in the Data Link Layer software module ( see Appendix H ). The total number of times 
the Data Link Layer will attempt to retransmit a particular packet is determined by 
the literal max_backoff_count. If this value is exceeded, a fatal error occurs and the 
session is ungracefully terminated. 
Notice that the collision detection mechanism can also detect transmission errors 
due to noise. Noise on the cable bus can also cause a mismatch between transmitted and 
received characters. In this case, the Data Link Layer will assume a coUision occurred 
and will retransmit the packet, recovering from the error. However, not all transmission 
errors can be detected in this way. Noise can cause the remote node to incorrectly 
receive a character, while the local transmitting rode does not detect the error. Thus 
the collision detection/recovery mechanism provides only limited transmission error 
recovery. 
4.2.4 Implementation 
The Data Link Layer is ·implemented in software as two separate interrupt.driven state 
machines: one for packet transmission with acknowledgement reception and one for 
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Table 4.2: Data Link State Variables 
Data Link State Variables 













packet reception with acknowledgement transmission ( see Appendix H ). Each state 
of the machines performs a step in the packet transmission/reception process. When 
an interrupt event occurs ( e.g., the Physical Layer received a character or a carrier 
is detected ), the particular action and next state taken is determined by the current 
state of the machines. The machines1 states are represented as variables within the 
software. Figure 4.6 depicts an overview of the packet receiver state machine and 
Figure 4. 7 depicts an overview of the packet transmitter state machine. The unlabeled 
state transition arrows in the figures indicates the normal sequencing of states. The 
labeled state transitions indicates abnormal events in the process ( e.g., carrier lost 
while receiving a packet, collision detected while transmitting ). Table 4.2 lists the 
software variables that correspond to each state shown in the figures. 
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Figure 4.7: Overview of the Packet Trans�itter State Machine 
56 
4.3 Network Layer 
Once a session is established, the Network Layers of two nodes provide an error-free 
block-oriented virtual circuit service between their corresponding Transport Layers. 
Using the packet/acknowledgement transaction services provided by the Data Link 
Layer I the Network Layer performs the necessary packet routing and maintenance 
to form a virtual circtiit. The Transport Layer in not concerned with the necessary 
details. The Transport Layer can request the Network Layer to establish a circuit with 
a specified remote node, to terminate a current circuit, to transmit a block of characters 
over the circuit, or to receiv_e a block of characters. 
4.3.1 Packet and Acknowledgement Formats 
Figure 4.8 shows the packet format used by the Network Layer. The first two characters 
of the packet represents the high and low order bytes of a 16--bit address, respectively. 
This address specifies the destination of the packet ( the particular node which is to 
act upon the packet when received ). The next pair of characters, similarly, specifies 
the source of the packet ( the particular node which transmitted the packet ). Next 
follows a single chara,;ter control field which specifies the type of the packet. A packet 
is either a data packet ( which contains user data ) or a control packet ( which controls 
aspects of the virtual circuit ). Figure 4.9 shows the possible formats of the control 
field. Following the control field character of a packet is a single character which 




Destination Address Source Address Control Field Data Length � 
l·o,0122 -I 
chara.cten 
Figure 4.8: Network Layer Packet Format 
control packets this data length character always has a zero value and it is the last 
character of the packet ( no data block ) . For data packets this data length character 
specifies the number of characters in the data block which comprises the remainder of 
the packet. Although the data length character could specify lengths up to 255, the 
data lengt� character value ( and the number of characters in the data block ) is limited 
to a maximum value of 122 characters to better utilize RAM buffer space. The actual 
size and contents of the data block in a particular data packet are determined by the 
Transport Layer. 
When the Network Layer receives a packet, it can acknowledge the packet with 
one of several different acknowledgement characters ( see Figure 4.10 ). Whether an 
acknowledgement is sent ( and if sent what type of acknowledgement is sent ) , depends 
on the received packet's address and control fields, and on the current state of the node. 
4.3.2 Routing 
The routing of packets between nodes is achieved by having the Network Layer act 
upon only those packets received with a destination address which matches its own 
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Character Format 
!0,0 , 0 , 0, 0 ,0 , s , s i
10. 0 . 0 .0 .0 .1 , d ,dl
10.0 .0 .0. 1 . o . d .dl 
10. 0,0,0,1 , 1 ,d,dl







ss = 2-bit sequence number 
dd = do not care 
Figure 4.9: Control Field Formats 
Character Format 
lo,0 , 0 ,0 ,0,f , s ,s i 
10. 0 . 0 , o . o . o . o .0 1
1 0. 0 ,0, o ,1,o, o,0 1 
10.0. 0 .1. 0 . 0 . 0 .0 1 
Literal Name 
ack_ok ( data) 
ack_ok ( control) 
nack..not_available 
nack..not_available 
ss = 2-bit sequence number 
f = flow control bit 
Figure 4.10: Acknowledgement Character Formats 
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node's address. All other packets are ignored by the Network Layer. Thus, to send 
a packet to a particular node, the Network Layer specifies the remote node's address 
in the destination address field of the pac�et. A virtual circuit is achieved by having 
two Network Layers agree to address and send Packets to each other. This agreement 
is established when one node sends a session establishment control packet to another 
node and the other node acknowledges positively. The source address field of a packet 
allows the receiving node to identify the source of the packet. Thus, the Network Layer 
is able to distinguish between packets sent by the remote node of the circuit or sent by 
some other node. 
4.3.3 Packet/Acknowledgement Transaction 
There are five different types of packets: one for data transmission and four for control 
purposes. The control field of the packet specifies the packet's type. Two types of con­
trol packets are used for session establishment and graceful session termination. When 
a node wishes to establish a session with a remote node, the Network Layer sends a con­
trol-open_session control packet ( the control field has a value of control-open_session ) 
to the remote node. The remote node will then acknowledge the control packet with 
one of three different acknowledgement characters depending on the remote node's 
current state. If the remote node is ready and available to establish a session, the 
remote node will respond with an ack_ok acknowledgement. At this point both nodes 
are in agreement and the session is established. If the remote node is busy with an­
other session, the remote node will respond with nack_busy acknowledgement and no 
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session is established. If the remote node is not able to establish a session ( e.g., DTR 
control is on ), the remote node will respond with a nack_not_auailable acknowledge-­
ment. If a node wishes to gracefuliy terminate a session, the Network Layer sends a 
controLclose-session packet to the remote node. The remote node then responds with 
an ack_ok acknowledgement and the session is gracefully terminated. 
Once a session is established the two nodes can exchange data packets. The control 
fields of data packets have the value controLdata. The 2-bit sequence number which is 
part of this value is used in the error recovery process. The data packets have blocks of 
data that the Transport Layer has requested to be sent over the virtual circuit. When a 
remote node receives a data packet, the remote node will respond with a special ack_ok 
acknowledgement character. This character contains the same 2-bit sequence number 
the received data packet has and a flow control bit. When the remote node cannot 
accept another data packet, the remote node sends an acknowledgement character with 
the flow control bit set. This invokes flow control, and the local node will stop sending 
data packets to the remote. The remote node may need to invoke flow control, for 
example i if its attached user device is operating at a slow baud rate and data packets 
are coming too fast. When the remote node is ready to receive more data packets, 
the remote node sends a controLff.ow_off control packet to the local node. This packet 
requests that the flow control be removed. 
The final type of packet is the controLwatch-dog control packet. This packet is sent 
periodically by the_ Network Layer to insure that the remote node is still active in the 
session. The remote node simply acknowledges this packet with an ack_ok acknowl-
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edgement. Notice that if the remote node has ungracefully terminated the session, 
the remote would not acknowledge the packet. Thus, the local node will ungracefully 
terminate the session also. 
4.3.4 Error Recovery 
To impose an error-free virtual circuit on the non-error-free packet/acknowledgement 
services of the Data Link Layer, the Network Layer uses several techniques to recover 
from transmission errors. Since the Data Link Layer detects and discards any erroneous 
packets received, the Network Layer can assume that any packets it receives from the 
Data Link Layer are error-free, The Network Layer uses the acknowledgement trans­
action to guarantee a remote node receives the packet correctly. H the Network Layer 
does not receive a valid acknowledgement to a packet transmitted, the Network Layer 
assumes the remote node did not receive the packet correctly. To recover, the Net­
work Layer retransmits the packet and waits for an acknowledgement again. The total 
number of times the Network Layer will retransmit a particular packet is determined 
by the literal maz_retry_count declared in the Network Layer software module ( see 
Appendix G ). H this value is exceeded, a fatal error occurs. Ha session is active at 
this time, it is ungracefully terminated. 
This retransmit technique will allow recovery from erroneous packets, but problems 
can still occur. Consider the following scenario: The local node transmits a packet 
which the remote node receives correctly and acknowle'dges. Now, suppose the remote's 
acknowledgement is damaged by noise and the local Network Layer does not receive 
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it. The local Network Layer will assume the remote did not correctly receive the 
transmitted packet and will retransmit the packet: Suppose this second transaction 
attempt is successfully completed: the remote node receives the packet correctly again 
and the local node receives the remote's acknowledgement correctly. It appears that 
error recovery was successful. However, from the remote node's point of view the 
above scenario appears as two separate normal packet transact£ons. The remote node 
has received two cop£es of the same packet and it must recognize this in order not to 
send duplicate data to its attached user device. 
The sequencing numbers in the control field of a data packet and the corresponding 
acknowledgement are used to avoid this duplication problem. As data packets are 
transmitted their control fields are consecutively numbered. If a packet is retransmitted 
the same sequence number is used in the control field. Thus, the remote node can 
detect duplicate packets by monitoring the sequence number of received packets. When 
the remote node re.ceives a duplicate, the node acknowledges the packet normally but 
discards the duplicate packet. The only possible ambiguity is between a data packet and 
the preceding or succeeding data packets, not between the preceding and succeeding 
packets themselves. Therefore, a 1-bit sequence number is the minimum size necessary 
to detect duplication. Since the extra computational overhead is minimal, a 2-bit 
sequence number is used to provide redundance for error detection. 
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4.3.5 Implementation 
The Network Layer is implemented in software as three enhanced queue structures: one 
queue for control packets to be transmitted, one for data packets to be transmitted, 
and one for data packets received ( see Appendix G }. The queues provide a buffering 
between the packet transmission/reception process ( in the Data Link Layer ) and the 
packet generation/evaluation process ( in the Transport and Network Layers). The two 
data queues link the Transport and Data Link Layers together. Data blocks enqueued 
by the Transport Layer are encapsulated. The resulting packet is then placed in a data. 
packet queue for the Data Link Layer to eventually transmit. Data packets received 
by the Data Link Layer are enqueued on the other data queue. The Transport Layer 
can then dequeue the data blocks from these received packets. The control packets, 
which are generated by the Network Layer itself, are held in the control queue. These 
control packets are transmitted along with the data packets by the Data Link Layer. 
Acknowledgement characters are generated by the Network Layer when the Data Link 
Layer enqueues a received packet. Acknowledgement characters are evaluated by the 
Network Layer when the Data Link Layer reques1..s the next packet to transmit. 
4.4 User, Command, and Transport Layers 
The User Layer handles the interface between the user device and the node. The 
User Layer provides character transmission and reception services to the Transport 
and Command Layers. The character format, timing and electrical characteristics are 
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implemented in hardware ( see Chapter 3, Section 3.1.4 ). Flow control and Autobaud 
Mode are implemented in software ( see Appendix C ) . The specific features of the 
User Layer have been discussed in Chapter 2. 
The Command Layer handles the command dialog between the node and the at­
tached user device when the node is in Comm.and Mode. Using the services provided 
by the User Layer, the Command Layer interprets and executes commands from the 
user device. The Command L�yer is implemented in two software modules ( Appen­
dices E and F ). The first module decodes a command and parameters entered by using 
a look-up table. Once the command has been uniquely identified and confirmed, an 
appropriate procedure in the second software module is called to execute the command. 
The specific features of the Command Layer have been discussed in Chapter 2. 
The Transport Layer handles the blocking and unblocking of user data and the 
switching of the node between Connect and Command Modes. Using the timer buffer­
ing technique ( see Chapter 2, Section 2.5.2 ) the Transport Layer gathers individual 
characters from the User Layer into blocks. These data blocks are then given to the 
Network Layer for transmission to the remote node. The Transport Layer also takes 
data blocks from the Network Layer and sends the data character by character to the 
User Layer. When the node is reset, the Transport Layer invokes the hardware self 
tests and initializes the operating attributes of the node. The specific features of the 




The ADSL Local Area Network was conceived with four design goals in mind: low 
cost, versatile user interface, fault tolerance, and maintainability. Certainly, the low 
cost has been achieved. A single twisted pair cable is all that is needed for the system's 
foundation. To connect a device to the system requires a node unit which consists of a 
small number of common "off-the-shelf" components. All node units are functionally 
identical: the same hardware and software. Therefore, mass production techniques can 
be applied to further reduce the cost. The low cost of the node unit was achieved 
primarily by pushing most of the node's functionality into software, leaving general 
purpose hardware behind. As a result, the controlling software of the node required 
large quantities of time and effort to develop. However, since the software is now 
developed it can be duplicated essentially without cost. 
A disappointing result of implementing most of the functionality in software is re­
duced bit transmission rate on the cable bus. Although the hardware circuitry can 
operate four times faster, the complexity of the software has forced the use of a re­
duced bit rate on the cable bus. The CSMA/CD and encapsulation techniques require 
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bandwidth for control purposes, thus further reducing the actual bandwidth available 
for data communication. Though still faster than the maximun bit rate coming from 
a user device, this reduced bandwidth means that fewer simultaneous virtual circuits 
can be supported before congestion occurs on the cable bus. If flow control is properly 
used when congestion occurs, then reliable communication is still possiblej however, it 
is slower. 
The user interface on the node unit has several operating attributes that can be 
individually set to match that of the attached user device. This versatility, however, 
can make the node unit difficult to use. As more operating attributes are supported, 
allowing a wider variety of communication interfaces, there are more parameters that 
must be determined and set before communication is possible. The Autobaud Mode is 
designed to help alleviate this problem by making the setting of operating attributes 
more automatic. As a result of the layered architecture, a node unit with a different 
type of user interface ( e.g., parallel ) can be easily constructed. Changes necessary for 
a new interface would be mainly confined to the User Layer. All other layers would 
require little or no change. 
By distributing the control and keeping the shared components passive, a high de­
gree of -reliability has been achieved in the ADSL LAN system. Failure of a node unit 
will tend to affect the communication ability of only that particular node. From the 
beginning, the virtual circuit service was designed to provide error-free communication, 
tolerant of noise. A wide variety of techniques are usE!d to achieve this ( e.g. 1 differen­
tial transceivers for noise rejection, packet retransmission for error recovery, and data 
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flow control ) . Communication errors either are recoverable or are avoided entirely. 
Although the LAN cannot avoid or recover from every possible error, it appears that 
the LAN provides circuits that are as error-free as those in point-to-point networks. 
The distributed design and low node unit cost make maintenance of the ADSL LAN 
easy. When a node unit has failed, it can simply be replaced with another node unit, 
since node units are functionally identical. The faulty node can then be repaired as 
time permits without loss of communication on the LAN. As with any large system, 
the management of the LAN is an important aspect. For example, addresses of the 
nodes in any given ADSL LAN system should be carefully and consistently assigned to 
the nodes. No two nodes should have the same address, and the LAN would be of no 
use if the user does not know the addresses of the nodes. To avoid these problems, a 
careful record of the LAN's configuration should be kept. 
Although not a high performance network, the ADSL Local Area Network provides a 
comprehensive and flexible method of interconnecting computer systems and peripheral 
equipment at low cost. Flexibility and physical simplicity are the ADSL LAN's primary 
advantages over the point-to-point network. Only one cable and a. few nodes are needed 
for a tremendous ability to communicate. 
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Appendix A 
Hardware Schematics and Components 
Table A.1: Compone'nt Table 
Component Table 
Reference 
Designation Component Description 
IC1 8032 Microprocessor 
IC2 74LS373 LS TTL Octal D-Type Latch 
IC3 27128 EPROM, 200ns 
IC4 HM6116 CMOS RAM. 200ns 
IC5.IC6.IC7 74LS156 LS TTL Open-Collector Demultiplexer 
IC8 INS8250A Async Communications Element 
IC9 7 404 TTL Hex Inverter 
IC10 75188 or MC1488 Quadruple RS-232-C Line Driver 
ICU 75189 or MC1489 Quadruple RS-232-C Line Receiver 
IC12 75176 Differential Bus Transceiver 
IC13 7517 4 Quadruple Differential Line Driver 
IC14 75175 Quadruple Differential Line Receiver 
CY1 12.000 MHz Crystal 
CY2 1.8432 MHz Crystal 
LED! Tl 3/4 LED. Red 




Figure A.I: Edge Connector Schematic 
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Figure A.2: Processor Block Schematic 
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L 
Figure A.3: Memory Block Schematic 
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L 
Figure A.4: Switch Bank Block Schematic 
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L 
Figure A.5: User Interface Block Schematic 
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Figure A.6: Transceiver Block Schematic 
75 
Appendix B 
Hardware Diagnostic Software 
PL/M-51 COMPILER HIEST V:l. O Lill Hardware Confid•nca Int 
ISIS-II PL/M-51 Vl.1 
CO/.IPILD. INVOKED BT; Pl.1>151 :F7:Hn:sr:i.JlfK 
tPAGEWIDTH( 95 ) 
$titla(' HTESI V:l.O LAN Hardwar• Confidanca I11t ') 
U.OM ( LUCE )
tSEI( on_chip_8751 ) 
•RESET( on_chip_1ca51 
tRESET( off_chip_:1784 ) 
tllESET( off_chip_271:l:II ) 
1 1 htnt: DO: 
/•--------------------------------------------------------------------------•/ 
I• ht11t2 •/ 
!• •I
/• Hardware diagno1tic progra111. Hlow1 hardwa.n con:Hd,11.u t.1ting of •/ 
/• a LAlf nod, controlhr card. •/ 
I• •I
I• Dav, Wickliff •/ 
I• La1t Mod1fi111.: 11/:17/115 •! 
� � 
tIF on.chip.8751 
2 1 DECLARE var.ion UtElU.LLT "'2.0 On Chip 8761"'; 
3 1 llECLlllE htaat.ebck.111111 WORD .lf( OFFER ) CONSUIII( OFFFFR ) ; /• 4k •/ 
tENDIF 
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PL/M-61 COMPII.£1 RTF.ST 1/2. O Lilf Hard war, Confidtnc, I .. t 
• 
4 1 ' 1 •' 1 •' 1 
• 
a ' • ' ' 
11 ' .
13 ' • 
1' ' • 
10 ' 
18 ' • " ' 
'1 ' • 
" 1 " 1 " 1 
" 1 " 1 " 1 " 1 
30 1 
31 1 " 1 
33 1 
34 1 " 1 
38 1 
37 1 





DECLJ.B.E v,r1i1111 LIIEULU '' '2. 0 On Chip IC&61' '' ; 
DECL.1.U: ht .. t_chck_,1111 WO!.O AI( 1FFEH ) COliSTAliT( OFFFFH ) ; /• Bk •/ 
t.E.HDIF 
tIF 11ff_chip_27e4 
DECU.B.£ v.rdon LITERALLT '''2,0 Off Chip 27!4'''; 
DECU.U: ht .. t_chclL1W11. WORD AT( lFFQ ) CONSTANT( OFFFFH ) ; /• 8k •/ 
$EJl'DIF 
nr off.chip_27128 
DECLARE v•rli1111 LITERALLY ' "2,0 Off Chip 27128" '; 
DECLARE ht .. t_ch.ck_tum WORD AT( 3FFEH ) CONS'UN?( OFFFFH ) ; /• 1!1k •/ 
SEND IF 
tIIICLO!lE ( ;:r7:io8260.del ) 
/••···········································································! 
/• D•claratio.11.1 for "' proe,dur .. ud global va.riabl .. for modub 108260.P51•/ 
DECU.!IE HL:l.1111.g• BTTE EITE!UU.L; 
DECLARE H2..i111&g1 BYTE EXTERN1L; 
DECLARE ••3.im1p;1 BYTE ElTERN.I.L; 
DECLARE 111r.1tltt11.lld en ATC i!IH ) REGISTEII.; I• Port 1, bit e •/ 
111r .:l.niti&liH: PROCEDURE( data ) EXTERNAL; 
DECLJ.B.E data BYTE; Ell>; 
u1r_gt1t_1w:Ltch•1: PROCEDURE EITERliJ.L: END; 
111r_Ht.baud: PROCEDURE( data ) EirERRAL; 
DECLARE data BYTE; END;
111r _111_byte_,tatu1; PRCCEDt!RE BIT EXTERNAL; E!ill; 
111r_in.hyt.: PR.CCEDtlRE BYTE EITERIIAL; END; 
111r.out.byt1: PROCEDURE( data) EITERHJ.L; 
DECLARE d•h. BT?E; END ;
DECLARE " LITERJ.LL'f 'ODh'; I• Carrhg• J1.1turn •I
DECLARE crlf LUERALLT 'ODb, OAH'; I• Carrilg• R.1tur11, Lilll FHd •I
DECLARE bill LITERALLY 'C7H'; I• Bell •I
DECLJ.B.E rui..amllll LITERALLY '08COH'; I• Siz:e of ll!lll.ll External ... •!
DECLARE rui..larg• LITERJ.LLT ':ZOCOH'; I• SiH ,, larg1 Exhrn•l ... •I
DECLARE ,prOCl-11111.ll LITER.lLLT ':2COOH'; I• Sin ,, -u E:Xhrn•l EPRCM •I
DECLARE •pr011..larg1 LITEIULL'f '4000H'; I• SiH ,, larg, Extunal EPll.lJM •!
DECLARE uaory( ru...l1.rg1 ) BYTE U( 0 ) J.UlILUl.'f·, 
DECLJ.B.E ,_, BYTE; 
DECLJ.IE t11t.1111Bb•r BYTE; 
DECLARE rll:Ldll BIT; 
DECLJ.KE epro=..du BIT; 
DECLJ.B.E q11ht BIT; 
DECLJ..11! fonv,r BIT; 
DECLJ.B.E fail BIT; 
DECLARE loop_data.fdl BIT; 
DECLARE loop_et,_dtr_fail BIT; 
DECLARE l1111p_d,r.rt1.fail BIT; 
DECLARE loap..ri.1111.tl_fail BIT; 
77 
PL/M-61 CDl,l;l!L.EII. HTESI V2.0 L.lli Hard'Un C11nfid1nc, I"t 
" ' 









6,4 2 .. ' 
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" ' 
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DECL.lRE 1h.t111.lcok.11p( 18 ) BYTE; 
u11q,: PaOCEDUll.E(,tr.p); 
/•--------------------------------------------------------------------------•/ 
I• "'"''' •/ 
I• •I
I• Proc,d11n to prillt • n111l Unlli11•titd 1trinr ruiding ill cade ROH. •I
I• ,tr_p pointl to th tir1t charachr i:I. tli. 1trin1. •/ 
DECLUE 1tr_p ADDRESS; 
DECLARE char BASED 1tr.p BYTE CONSUIIT; 
DO WHILE char o O; 
END; 
CALL u.r.out.hyh( chlr l; 
etr_p s 1tr_p + 1; 
di1pl1y.hn:: PROCEDURE( d1.t1. ) ; 
!•--------------------------------------------------------------------------•! 
I• diaplay.hn: •/ 
� ., 
/• Pncldllre to print two charact.n repre11ntin1 the hen.dtc•l vallle of •/ 
/• th• byt• variable data. •/ 
DECLUE (data, tmp) BTIE; 
hmp • SHll.(d•ta,4); 
IF tmp > 9 TH.Elf CALL 111r.011t_byt1(tmp + 'A' - 10); 
ELSE CUL 111r.011t.hyt,{temp + '0'}; 
temp • d•ta AND OFH; 
IF t1111p > 9 THEii C.lLL 111r.011t.byt1(temp + '
J
,' • 10); 




I• d11play_11.&1111 •J 
/• Proc.d11r1 to dilplay th 11.111111 of a t11t that corn1pc111d1 ta variabll -./ 
/• t11.t.11.1111bu. •I
DO CASE t11t.numb1r; 
CALL .. ,,._,,(.( 'O Fluh St.tu LED T11t a ) ) ; 
CJ.LL .. ,,ag,(.( '1 External Int.rr11pt 1 I11t 0 )) ; 
CALL atnag,(. ( ., IIIS8260 tnhrn&l Loobaclc Tiit 0 )) ; 
CJ.LL m,11111(,( '3 - I!iS8260 Ext1r11al Loobacll: T11t a ) ) ; 
CJ.LL 11111111g,(.( 0 )) ; 
CJ.LL m,,,a1,c.c ., Rl1d Switch Bankl Tut a )) ; 
CJ.LL 11111n1g1(.( '8 - E.xt.rnll !UH R11d/Wriu T11t a ) ) ; 
CALL m111ag1(.( '7 - External RAM Uniq111n,11 THt a ) ) ; 
CJ.LL m,111g1(. ( 0 )) ; 
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ClLL unag•( ( •g • Ertnnal £PROM Choc:k•U Tut 
ClLL .. nag•(.C D )); 
CJ.LL UHago(. ( 0 )) ; 
C.lLL IIIHHp{. ( 0 )); 
ClLL uuag1(.( 0 )); 
CALL 111H1ag1(.( 0 )); 
CALL IUH1go(.( 0 )); 
END ditplly.nuu: 
di1play.ro111lt: PIOCEDUB.E; 
0 )) ; 
/•--------------------------------------------------------------------------•/ 
I• di1play.ro1ult •/ 
/• Proc:odnro to display tho result of a t11t. •/ 
IF fail 
rBEll CALL 111u1&go(.( bill, 'FULED!l', c:rlf, 0 )): 
ELSE CJ.LL 111111&go(.( 'PASSED', c:rlf, 0 )); 
hllp: P!I.OCEDUIU:; 
{•--------------------------------------------------------------------------•/ ��- � 
/• Proc:oduro to di1play tho help muu. •I










crlf, ,, "" 
F • 





0 ) ) ; 
1t1t111: PRDCEDUtt; 
crlf, 'Available c�d1:', 
Di1able tut n', 
Ell.able tut ll' , 
Run all uabhd t11t1 fnov1r•, 
Thil help .. JIU', 
Toggle Ert1r111l EP!lOM liH' , 
Tcggb q,uht mode on/off', 
Toggle Ertorn&l IJ.M 11:lo', 
Shew 1t1tU1 of available tut' , 
Run all 0111bhd t11t1' , 
Ru11 t11t 11', crlf, 
/•--------------------------------------------------------------------------•/ 
I• 1tatu •/ 
I• Procodnro to 1how tho c:urront 1tat111 of tho dhgno1tic: 1y1tU1. •/ 
C.lLL Mua10(.( crlf, ' Quiet Mod.o ', D )); 
IF q,uilt 
THE!( CALL molH(o(.( 'OH', crlf, 0 )); 
ELSE CALL 111enago(.( 'OFF', crlf, 0 )); 
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C!LL .. 111g1(. ( crlf, ' Extlr111l ll;IJ,I da1: 0 ) ) ; 
Ir r1111..li&1 
THU CJ.LL .... ,,, (. ( ... bytll', crlf, 0 ) ) ; 
ELSE CJ.LL .. 11ag1(. ( '2X bytH', crlf, 0 ) ) ; 
CJ.LL l111111g1C.( crlf, 'Exhrnal EPRON liH: ', 0 )); 
IF 1prcm...1iJ:1 
THEU CJ.LL 111uag1(.d: '18( byt11', crlf, crlf, O )); 
ELSE CJ.LL 111111111(. ( 'SIC bytH' , crlf, crlf, 0 )) ; 
DO t11t_n11%11b1r•O TO 16; 




IF 1tatU1_look_11p( tl1t_n111D.b1r ) "' 1 
THEU CJ.LL 111111111(. ( 'EBJ.BLED', crlf, 0 )) ; 
USE IF ,tatU1_look_11p( t11t_1111mber ) • 2 
THEN CJ.LL m111ag1(.( 'DISJ.BLED',crlf, 0 )); 
ELSE CJ.LL m1111g,(.( 'IIOT J.VJ.IUSLE',crlf, o )); 





I• T .. t procldur1 fer pow1r-11p or nut. •I
ur_1t1t111..lld .. O; 
I• Sit UHr Port to 8 bit word, dhabll parity, and illOO baud 
,w1�1, .. ooooooooa; 
CALL U1r_init1&liu( mwl_i1D11.g1 ); 
fail ,. O; 
fl11h_l1d: PROCEl)UllE; 
., 
, .....•..................•................................................... , 
I• flaah_ld 
/• Procldur1 to fluh th• UHr Stat111 LED. 
DECLJ.B.E i BYTE; 
oa 1•1 to 10; 
uar_1t1tua_bd • 1; 
CALL TIME ( 266 ) ; 
CALL TIME{ 256 ) ; 
I• Turn LED on 







131 ' "' • 
















11.i·_atatn_led • O; I• hrn LED off •I
CALL TIM!.( 255 ) ; I• for 1.bo11t 0.S '" •I
CJ.LL nt,a?.( 265 ) ; 
EllD; 
E!fD flHh_litd; 
taat_fluh_hd: PI.OC!iJlOll:: , ••........................................................................•. , 
I• t11t_flaah_lod 
I• Tlat proc:ld.11:1 to fl1.1h thl U1u Statu LED. 
IF !IDT ( fo:1V1r AND quht ) 
IHE!i DD: 
CALL dhplly_nm.e; 
CALL me11ag1(.( c:rlf, 0 )); 
CALL :tluh_led: 






/• t11t.int1rr11pt_l •/ 
!• I11t proe1d11r1 to c;hlck if thl Ext.etnal Internpt 1 inpu.t 11 always low. •/ 
$IF HOT on.ehip_87Sl 
DECLARE 1 llY!E; 
DECLARE p3_3 BIT AT( OB3H ) R.EGISTER; 
IF HOI ( fo:IVII:' AHO quilt ) THEii CALL di1play_nu.1; 
fail " O; 
DO i"O to 100; 
IF p3.3 " 1 nDg1 fail a 1: 
EIID; 
IF fall UD q11ht .lllD forever IHEH CJ.LL di1play_name; 





I• 11118250.loopbaclc •/ 
I• Proeedue to p1:fo:n11. loopblek t11t1 on both tho data path ind tho mod1111 •/ 
I• c:ontrol/1tatU1 pith in (or through) tho IHSS:150. •/ 
DECLARE i BYTE; 
DECLARE modm..eontrol_reg 
DECLARE lin1_1tat111_ng 
BYTE Al( 8000H + 4 














"' "' "' "' 
' ' 



































HTEST V:Z.O L.l.lf H.rdwve Co11fid.eru::e THt 
BYTE lT( 8000� + 8 ) .1.UULIJ.RT; 
:rail • O: 
loop_d1.ta_f1.il • O: 
loop_cte_dtr-1'1.il • O: 
loop_der_rte_:ran • O; 
loop_ri_o11tLfail • O; 
I• t.1t data patll •/ 
DO i•O to :ZS&; 
EllD; 
CALL 11er_o11t_llyte( 1 ); 
DO WHILE ( U11e_1tatu_n1 
IF 111r_in_llyte_1tat111 
T!IEJl DO; 
IF u1r_in_byt1 <> 1 
THEN DO; 
EIID: 
fill 2 1; 
loop_d1t1_fail 
Elli); 
ELSE DO; e 
fill" 1; 











I• THt aadm ,::011tral/1tat11.1 path •/ 
)"O; END; 
mod.._controLr.1 • ( IIIOd.._control_n( 011, 000000018 ) ; 
IF ( aad--1tat111_n1 .I..ID 001000008 ) " 0 
THElr DO; 
""' 
fail • 1; 
loop_ctl_dtrJail '" 1; 
mode:m_control_reg • ( 111oda,_co11trol_n1 .I..IID 111111108 ) ; 
IF ( modai..1t1.t111_ng .1..ND 001000008 ) o O 
THEil DO; 
flil • 1; 
loop_ct,_dtr_flll • 1; 
EllD; 
11111d1111..co11trol_ng .. ( 111od-.control_ng OR 0000001os ) ; 
IF ( mod1111..1tat111_reg .I..HD 000100008 ) "' O 
THEN DO; 
:r.u • 1; 
loop_d1r_i-t1_:rail " 1; 
El'1) I 
IIOd.._control_n, • ( IDGdllJl...,control_ng .&III> 111111018 ) ; 
IF ( aod-.1tat11e_ng .&ID 000100008 ) <> O 
THEI DO: 
:r.u • 1: 
loop_d1r..rt1_fail • 1; 
Ellll1 
mod.._control_ng • ( llliod.._control_r11 OR 000001008 ) ; 
11' ( mod-..1t1t111_n1 .I.ND 010000008 ) • 0 
mtll oo, 
hil • 1; 
82 













"' ' "' ' '" ' '" ' 







1oop_r1_a11tLfail • 1; 
END; 
111od11111..car.C:al_r,1 • ( modsm..cor.trol_r1g J.KD 111110118 ) : 
IF ( modG1..1tat111_ng AHD 010000008 ) <> 0 
IlWI DO; 
END; 
fail • 1; 




!• t11t_8250__inttrnal_laop •/ 
/• T11t p:ocadurt ta pa:fan11 &n i11ttrnal laapback t11t on tha lHSS250. •/ 
DECLJ.kE 111adsm..cantral_ng 
DECLAlE lina_1tatua_n1 
BTTE AT( 8<K>OH • 4 
8TTE AT( 8000H + 5 
.1.UXILI1R.T; 
.I.UIILlllT; 
IF NOT ( fcravar AHD quitt ) IHEM CALL di1pl•y_11u.a; 
DO WHILE ( lina_1t1tua_ng AHD 01000000B )•O; EHD; 
=od11111..contral_ug • mod.._co11tral_ng Oil 000100008; 
CALL 1n1S260_loopb1ck; 
1110dai_ccntrol_r,g .. IIIDdllll,.cantr,;il_ng .&HD 111011118: 
IF fail AHD for.var AHD quht TIIEI C.&LL di 1play_11aat; 
IF fail 01 llOT(fonvar .&HD quht) IHE1i CALL diaplay_r1111lt; 
IF fail THEN DD; 
IF loop_data_faU 
1'HD' C.&LL IUH&ga(. ( Data path failld', crlf, 0 )); 
IF laap_ct1_dtr_fail 
IHEM CALL 11111uag,(.( CTS/071 path fail1d' , crlf, 0 
IF laap_d1r_rt1_fail 
fHEI C.&LL iu11ag1(. ( DS!/l?S path failld' , crlf, 0 
IF loop_ri_auti_fail 





) ) ; 
) ) :
/•--------------------------------------------------------------------------•! 
I• t11t_8260_axtarnal_laap •/ 
I• Tut pracld11.r1 to parfona &n 1xt1rnal laopback tut an th, IllS8250. •/ 
Ur rot on_chip_l751 
DECUIB i Wlllll; 
DECL.lU lin1_1tat111_n1 8TfE U( IIOOOB + 6 } .lUXILI.liT; 
CALL dilplay_naM; 
ClLL ..... ,,,.( crlf, 
' 11.amava t1nunal ca11uctia11 
crlf, within 20 11coftd1. 
crlf, Than r1eoft111c:t th1 
ud caun1ct u n:tarnal loapback CDftftlctar', 
Tut ii avmr whl11 IJ11r Stltn1 LED ran aff. ' , 




DO :l.•1 ?a aoo; 
CJ.r.r. TIJ.!E.( 250 ) ; 
Ellll· 
111r_1t1.t111_led • 1; 
DD WHILE ( li111_1t1.t111_reg AllD 01ooociooB )•O; END; 
CJ.l.L in18250_lccpb1.clc; 
111r_1t1.t111_led • O; 
CJ.Lr. d11pla.y_n ... ; 
CJ.Lr. d:l.1pl&y_r1111lt: 
IF hil THEii DO; 
$£ntlIF 
IF laap_d&t&.,fail 
THEil' cur. m111a.1•C. ( 
IF laap_ct._dtr_f&il 
THE! CJ.LL m111a11C. ( 
IF lacp_d1r_rt1_fa.il 
IHEII CALL 1n111111(. ( 
IF lcap_r1_a11t1_fa.11 
THU CALL 1n1a11.1e(. ( 
Elll)a 
t11t_di1pla.y_1witch: PROctDURE; 
D•ta. path failed' , crlf, 0 ) ) ; 
RTS/DSR path tailed', crlf, 0 )): 
DTR/CTS path failed' , crlf, 0 )) ; 
TEST/DCD pa.th failed', crlf, 0 )); 
/•--------------------------------------------------------------------------•/ 
I• t11t_dhpla.y_1w1tch •/ 
I• Prac1d11re ta rHd a.rul di1pla.y th• thn• Switch Ba.nkl. •/ 
Ur HOT, an_chip_8'761 
di1pl1y_bit: PROCEDURE( data ) : 
/•------------------------------------------------------------------•/ 
I• di1play_111t •/ 
I• Praclldu• ta d:llplay vu:l.abh data II a. bit 11q11.enc1. •/ 
DECL.l!.E{ :!., data) BYTE; 
D01•1t08; 
CJ.Lr. 111r_a11t_bytl( ' ' ) : 
IF d&tl. < 1:za tKEli CJ.LL 111r_a11t_byt.( 'O' ) ; 
ELSE CALL 111r_a11t_byt1( '1' ); 
data. • 11.0L( data, 1 ) ; 
£1lD; /• DO•/ 
£llD dhplay_bit; 
Ir NOT( farevwr um qaht ) tH£II' DO: 
CALL di1pl1.y_1111111; 
CALL m1111ge(.( crlf, bit II '7 a 5 4, 3 :Z 1', 0 ) ) ; 
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267 • "' • 
200 • 
201 • "' 4 '" • , .. • "' • "' ' 
C4LL ,1r_get_1witehee; 
C4LL .... age(.( erlf, ' Ballk 1 0) ); 
C.lLL di1play_bitC 1wl_iml.1a ) ; 
C.lLL ..... ,•(.( ' ', O) ); 
C.lLL dilplay_llex( ,w1_1mq1 ) : 
C.lLLMHll(e(.( 'h', crlf, ' llallk'2 
C4LL dhplay_bit( 1.-2_1.mag• ) ; 
C.lLL 111eu1ge(.( ' ', 0) ); 
C.lLL dhplay_hex{ n:Z_illll.1• ) ; 
CALL 111111111(.{ 'h', erlf, ' Bank' 3 
C.lLL dhplay_bit( H3_i111ag• ) ; 
CALLmn111e(.(' ', 0) ); 
C.lLL dhplay_hu:{ n3_imag, ) ; 
C.lLL 111uur•C.( 'b', erlf, o) ); 
I END IF 
!.Ill) te1t_di1play_1witch; 
tnt_nm_read_write: PaOCEDOllE; 
0 ) ) ; 
0 ) ) ; 
!•--------------------------------------------------------------------------•/ 
I• te1t_r.._nad_write •/ 
I• Proeed11r1 to te1t tba ext.rul UM by '1.!lple r .. d/write. •/ 
DECL.lllE data BTTI!:; 
DECUlE i WORD; 
DECLARE j WORD; 
IF NOT ( fonver .l!fD ci.uht ) IHEI C.lLL dhphy_nue; 
i '" O; 






DO WHILE i <• 1 .lDD NOT fail; 
data • ROI memory( I ) ; 
memory( i) • data; 
IF mmory{ i ) o data 
THU DO; 
fail • 1; 
IF ( fonver ADD ctuht ) THElf CALL diaplay_n1111:1e;' 
C.lLL di1pl1y_r1111lt; 
CALL IHIIIII(. ( ' at ', 0 )} ; 
C4LL dilplly_hlx( HIGH( i ) ) ; 
C4LL di1play_h1x( LOW ( i ) ) ; 










'" ' '" ' ,,. ' 
"' ' 
"' ' "' ' "' ' 
:181- ' 
'" 3 "' 3 , .. ' 




201 4 '" 4 "' 4 '" 4 '" 4 '" 4 "' • '" 4 
300 4 
301 • 





END; /• DO IHILE •/ 
IF HOT( tail Oil { forever AIID quilt )) Tl!Ell CALL di1play_nault; 
t .. t_na...untq11u1 .. ,: PJ.OCEDUR!!; 
/•--------------------------------------------------------------------------•! 
I• t .. t_r-..u11iqu111.111 •/ 
I• Procedure to t .. t th1 ucternal II.AM for 1.ddr .. 1 1111iq11•11•1 •/ 
DECLARE dat1. BTIE; 
DECL.lRE i ._OIU) ; 
DECL.l.ll!. j WOIUl ; 
IF NOT ( forever .I.ND q11i1t ) THElf CALL dilplay_nue; 
i " O: 
fail ., O; 
IF n.111..du 
THEN j • rllll..larr• 1: 
ELSE J • rUL1mall 1: 
DOi•OTOj; 
11t111110ry( i ) • DUH; 
END; 
1 • O; 
fail • o; 
DO lffiil.E 1 <a j 11iD BOI fail; 









fonv,r J.HD quilt ) Tl!£ll' CALL 
dhpl1.y_r11ult; 
1111111g,(.( ' at ', 0 )); 
dilplay.h1x( RICH( 1 ) ) ; 
dhplay_h,x( LOW ( 1 ) ) ; 
m1111.g1(.( 'R', crlf, 0) ); 




zumory( 1 ) • NOT 0.1..i.H; 
i • i + 1; 
EIID; /• DO IBILE •/ 




/• t11t.1prom_ch1ckn11. •/ 











'" 3 "' ' 
3'3 3 '" 3 
"' ' 
"' ' 
"' 3 "' 3 
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HTESt V2.0 LJ.i llardwan Co11fidenc, Int 
/• tho tint opr=..lin·:I lcc,t.ion u.d thui comparing with th, lut 
I• word in oproa. 
DECUU: clltckum WORD; 
DECLJ.B.£ i WOll): 
DECLJ.11.E j WORD; 
DECL.lll.E oproa BJ.SEii 1 BTtE COISUI?; 
DECLABE ofh.t, LitDJ.LLT '1pr._lu11'; 
IF JOt ( fonvtr UD qv.ht ) THEI CJ.LL dioplay_u!U; 
chod:111• • O: 
i • offHt; 
IF oprOll..liH 
THEii j • oprC1Llar1• 3 + oti'Ht; 
ELSE j • oprOll..Ul&ll 3 + off Ht: 
DD WHILE i <• j J.IID !iDt fail; 
cll.eck11U1. • cll.ecli:n111 • opr<>llt; 
i • i + 1: 
EHD; 
IF HICH( cll.eck111111 ) • oprom 
THEN DO; 
i • 1 + 1: 
IF LOW( chsck1ua • oproa 
IHER fail • 0 ; 
ELSE fail " 1; 
m, 
ELSE fail • 1: 
IF hil lHD forwor J.HD quiet THEii CJ.LL d:laplay_ua,; 
Ir tail Oil 11Dt(1'onvtr lHD quht) rHEli CJ.LL dilplay_r .. ult; 
IF fail Tl!Eli DO: 
c.ut .. nag,(.(' c.:cmp11ted · '  O)); 
CALL dhplly_hu:{ HIOH( choWim. ) ) : 
CALL dhplay_hu:{ LOW ( choW11m ) ) ; 
ClLLlllHHlt(.( 'H, n&d.- ', 0) ); 
CUL ditplay_hex( ,prom. ) ; 
i " 1 � 1: 
CJ.LL dilplay_htx( ,prmi. ) ; 






I• Procad11r, to dhablt • 1p,cit'itd tHt t'roa r1111n1111 ill •,11 ta1t• or •/ 
I• •t11r,v1r tHt•. •/ 
c-.iid • ur_ill_byta; 
CALL 111r_o11t_bytt( cmaa11d ) : 



























"' ' "' 3 "' 3 "' ' "' ' '" 3 
303 3 '" 3 
If c:-.nd > 'II' 
:rm t .. t_11aail•r • c:oana11d 
ELSE t11at_11umb•r • c:-.nd 
C:ClllllaD.d • 11ar.i11_byt•: 
C.I.LL mHH(•C.( c:rl:t, 0 )); 
'''; 
'0'; 
IF 1t1.t111_look.11p( tHt.11umbar ) <> 0 
TIIEN DO; 
CJ.LL di1phy_n111U; 
1t•t11.1_look..11p( tut_1111mb•r ) ., :.I; 
CJ.LL 111H1&g•(.( 'DIS.l8LtD', c:rlf, 0 )); 
END; 
END di1&bll_t .. t; 
u11bh.t1111t: PR.OCEDUR.E; 
/•--------------------------------------------------------------------------•/ 
I• 111.11bl1.t••t •/ 
/• Proc:•dun ti, •1t11bh 11 1p1c.i:rtld tHt :tor running in *all tut• or •/ 
I• *for•v1r tut•. •I
c:0111111.11d "' 111r.in.byt•: 
CA.LL 111r.011t.byh( c:1>111111.nd ) ; 
IF c:0111111ud > 'Z' ?HEN C:OIIIDlllld = c:o-nd • :I.OH; /• Forc:1 to upp1r C:&n •/ 
IF c:omand > 'II' 
IHEM tut.nwcbar • c:01111111.11.d '.l'; ·�· '0'; 
c:�d • 11.u•_i11.byt1; 
CJ.LL 11.lHHg•(.( c:rlf, 0 )); 
IF 1tatu.look.11p( tut_numb1r ) <> O 
IHEH DO; 
CJ.LL di1play.11111U; 
1tat111.laok.11p( tnt_numb1r ) "' 1; 




I• Proc:ld11n ta r1111 tb1 
null: PllDCEDOU; EIID;
DD CASE t,,t_nuab1r; 
CALL t11t.fla1h.l1d; I• Tnt O •I 
CJ.LL t11t_illt.rr11pt_1; 
CALL t11t.8260.i11t1rn•l.loop; 
CALL t•1t.8260.1xt1r111l.loop; I• Tut 3 ., 
C.lLL ndl; ,. r.,t 4 •/ 
C.lLL t11t.di1play.1witc:h; I• 'Int 5 •/





























"' ' "' ' "' ' "' ' 
'" ' 








CtLL t,1t_r.._1111iq11,11,11; /• t,1t 7 •I 
ct LL n11ll; I• hit a •/ 
CtLL t,1t_,pr01L.ch,ck1ua: 









I• for•v•r_t,1t •/ 
I• Proe•d11u to run dl .aabl"1 tutl eontinuonaly. •/ 
c11111U.11d • 111r_in_byu; 
IF co-11d "' er 
tBEH DO; 
CJ.LL 111uaag1(.( cru, o )): 
I• Run all 1n.1.bhd t.1t1 hr1v.r •I 
fouv,r .. 1; 
DO WHILE 1; 
DO tut_n11111b,r•O to 16; 







I• run.tut •/ 
I• Proc,dun to r1111 dtbr a 1puifid tut or all uabhd t.1t1 one,. •I
c:0111111&Ad • 111r_io_byt1; 
CJ.LL 111r.011t_byt•( C:lll!lllllld ) ; 
IF c:omma.nd > 'Z' tHt!I C0111111.11d • c:01m11.11d - 20R; /• Fore• to 11pp1r C:&11 •/ 
IF c:o-d • c:r 
THµ' DO; 
CJ.LL m.111.g1(.( c:rlf, O )); 
I• l1111 all 1111b1'd t11ts •/ 
DO t11t_11umb1r•O to 16; 
IF 1t&t111_look.11p( tl1t.11Ulb1r )st I'HEll CJ.LL run_look_up; ""'" ""'' 
I• Eb1 r1111 th• illdividnal tut •/ 
ELSE DO; 
IF command> •g• 
?!!Elf t11t_n11111btr "' eC1E11111.11d •J.'; 
ELSE t11t_11Ulb1r • c:0:11111111d '0'; 





































I• tcr1l•.•pr1111 •/ 
I• Prcc•d11n to tcggla bGtwHn two 1iHI cf F.xhrnal EPII.OM. •I
co11111tnd • 111r_in_byt•: 
•pro111..liu ,. NOT •prc=..11u: 
CJ.LL IIIHHg•(.( crU, '�hrnal EP!l.OM 1iH: ', 0 )); 
IF •prC1111..1iu 
?HER CJ.LL ll!HHgG(.( 'HII bytH', crlf, D }); 
ELSE CJ.LL m1111g•(.( '81 bytu', cru, o )); 
toggh_q11ht: Pl\OCEOtnU:; 
!•--------------------------------------------------------------------------•/ 
I• toggl•.q11i1t •/ 
I• Procd11.r1 to togfh bGtwHn quht aod• &nd non-quht IIOd1. •/ 
co:mmu.d • ur.in.byt•; 
q11.ht • 1or q111•t: 
CJ.LL .. uag•(, ( erlf, ' quht Mod• ', 0 ) ) I 
IF quht 
rHEI CALL -Hag•(.( 'O!i', erlf, 0 )): 




I• toggh.ru •/ 
I• Proc1d11n to toggh bGtw1111 two liHI of £xhrnd UM. •I
comand • uar.in_byt•: 
r&ll...liH • llOT !"aJl._liH; 
CJ.LL ••111.g1CC erlf, 'Ext•rnal B..lM 11.n; o }); 
IF raa._1iH 
mu CJ.LL ...... ,.(.( '81!: bytu', erlf, o )); 
ELSE CALL .. nag•(.( '21 bytu', crlf, O )); 
!•--------------------------------------------------------------------------•! 
/• Main Ced• •/ 




PL/M.-61 COMPII.Ell HTEST V2.0 LJ.I Hudwu• Coni'idanc, bat 
... 1 ,tatu_looll:_11p( D l " 1:... 1 1tat11,_look..11p( 1 l • 3;
470 1 1tat11,_look..11p( 2 l • 1, 
471 1 1tat11 _look..11p( 3 l • ,,
472 1 1tat111_lool1:..11p( • l • ,,
473 1 1t1.t111_lool1:..11p{ • l • ,,
474 1 1tat111_looll:_11.p( • l • 1;
475 1 1tatlll_looll:_11p{ 7 l " 1; 
47. 1 1tatu_looll:_11p( ' l • O;
477 1 1tat111_loall:_11p( ' l • 1, "' 1 1tat111_look_11p( 10 l • ,,
470 1tat111_look_11p( 11 l ,,
480 1 1t1t111_look_11p( 12 l • ,,
481 1 1tat111_look_up{ 13 l "'O;
482 1 1t1.t,111_look_11p( 14 l ,. O;
483 1 at,1t111_look_11p( " l = o;
$El.SEIF 
1tat111_look_up( D l 1, 
1tat111_look_up{ 1 l 1, 
1tat111_look_up( ' l • 1, 
1t1.t111_look_up( 3 l ,, 
1t1.tua_look_11p( 4 l ,, 
1t,1tu,_looll:_11p( • l • "
1tat111_look_up( . ) • 1, 
1tat111_looll:_up{ 7 l 1, 
1tat111_looll:_up( ' l • ,,
1tat111_look_up( ' l 1, 
,tat111_look_up( 10 l ,, 
1t1t111_look_up( 11 ) • ,,
1t1tua_look..11p( 12 l • ,,
1t1t111_look_up( 13 l • ,,
1tat111_look_up( 14 l • O;
1tat111_looll:_up( " l • O;
tEHDIF 
484 1 ram..1iu • ,.... 1 eprOlll_liH • D;... 1 qui1t " O; "' 1 forever • O; 
... 1 CiLL t11t_pow,r_11p; "' 1 IF hil 
THEll DD WHILE 1; CiLL tluh_lld; END; 
'" 1 CUL t'lnh_lld; 
,,. 1 CiLL 11111111,C. ( crl:t', 'Lil Hoda Hardw&r• Codid111c• T111t - v,rlion verlion, 
crlt, ' ( Enter H for h1lp ) ''
crlf, crlf, 
0 ) ) ; 
... ' DO WHILE 1; 
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PL/M-l!i1 CDMPILD !TEST V2.0 LU Jlardn.r. Con:UdH.c. t .. t 
"' ' c:.u.r. -, .. ,,c. c c.rH. '>'' 0 )):"' ' c-.lll • 111r_i11_i,yt,: ... ' CALL 111r_o11t_byt1( c-and ); ... ' Ir c-,,d > .,. THEI' c-.ad • c-,,4 - 208; I• Fore, to v.ppor cao, •I
601 ' IF comu.nd • 'D' ?HD CJ.LL dhablo_tott;'" ' ELSE IF ,_, • 'E' nm CJ.LL 111.ablo_t .. t: '" ' ELSE IF ,_, • .,. TIIE?I C.lLL forovar_t11t; '" ' ELSE IF ,_, • ••• """ CJ.LL help; "' ' ELSE IF ,_, • .,. 'IHEI CiLL togflo_aprllll: 
,u ' ELSE' Ir COllllll.lld • .,. TIIE?I CiLL to11l1_q,11ht; '" ' ELSE IF ,�, • ••• THEI CALL to11ll_r .. ; '" ' ELSE IF cOIIIIIUd • .,. tHEI CJ.LL 1tat111; '" ' ELSE IF ,_, • .,. tHEI CiLL rco_t11t; "' ' ELSE CiLL halp; 
'" ' END; /• DO IHIL!. •/ 
'" 1 tll'D hta1t; 
MODULE IKFOHMJ.TIOI: (StitIC•OVElLiTlBL!.) 
CODE SIZE • ogsm 2391D 
COlfSUHT .SIZE • 0606H 1286D 
DIRECT VH.IlBU: SIZE • 12H•OIIB 180• "
IKDIREC'I VO.IlBLE. SIZE OOR•OOR OD• OD 
BI'I SIZE 09R•OOR "' OD 
BI'l-iDDRF.SSUIU: SIZE • OOR•OOH OD• OD 
iUXILU!lT Vil.IlBL!. SIZE OOOOR OD 
MUIMUM SUCI SIZE • OOOFH 160 
JlEGIS'IEII.-BAlit(S) DSED: 0 
HII LIKES WD 
O PROGIWI EUDR(S) 
Elil) OF PL/M-61 CDMPILJ.TIO!f 
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Appendix C 
User Layer Module 
USRLJ.T - U••r Intufac, Layer Moduh 
ISIS-II PL/M-51 V1.1 
COMPILE! IlfVOXED BT: PLM61 :F!:US!l.LJ.T. Jiil 
IP.lGEWIDTH( 96 ) 
iTITLE(' USRL.lT - D'Hr Interfac:, Layu Mod.uh ') 
IRECISTERB.lJJI( :1 ) 
1 1 narl,y: DO; 
/•--------------------------------------------------------------------------•/ 
I• utrarv •/ 
I• •I
I• Dav, Wickliff •/




I• Ext1rnd1 from UMSRV •/ 
6 1 DECURE. bufhr.tim.tr BYTE EXtEAJfJ.L; 
!•----------------------------------------------------------------------•/ 
I• Ext,rnala froa IRL.lT •/ 
e :z cbc:k • .i•ntat: PllOCE!IUU: EITEPJl'iL trSill'G O; END; 
8 1 DECL.laE 1Hdon.11c1p1_11q11911.c:9 lfO!U) Eln:RlllL; 
II 1 DECLll.E H&dOII..HClp1.1t•te BIT ElTE!UU,L; 
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43 ' .. ' .. ' 
IEJECT 
/•----------------------------------------------------------------------•/ 
I• Loc:1.l D1finiton1 •/ 









BYTE J.T( aoooa + 0) AUIILI.lllT; 
BYTE AI{ 80008 + 1) AUXILIARY; 
BTT! AT( 8000R + 2) AUlILI.ll.T: 
BYTE AI( eoooa + 3) At1IILIJ.ll.T; 
BTtE AT{ eoooa + 4) AUXILIARY; 
BYTE AT( 8000R + 5) J.UlILIAlT; 
BYTE AT( 80008 + e) AUIILIJ.B.T; 
LITER.1LU 'ODB'; 
LITER.1LLT ·1eo•; 
DECLARE traD1_111r_bd( 111r.q11.1_1iz:1 ) BTtE AUIILUaT; 
DECLARE tran1_11.1r.qu1_h11.d BTIE; 
DECUR£ tr1.111_11.1r.q11.1_t.til BYIE; 
DECLARE tra111.u1r_qu1_co111t BTtE: 
DECLAR£ tr1.11.11.1r_qu1_fl1ll BIT PUBLIC; 





DECLARE tran1.11.1r..flaw_control BI?; 
DECLUE r1ev_11.1r.b11f( 11.1r_qt11_1i:i:1 ) BTIE AUlILI.lllT; 
DECLARE r1c:v_111r.qn1.h1ad BTtE; 
DECUllE. r1c:v_11.1r _qu,_tdl BUE; 
DECLARE .uc:v_u1r_qu1_co11nt BTIE; 
DECLlllE r1cv.11.1r.q11.1..full BIT; 
DECLARE r1cv_11.1r_que_ov.rtlaw BIT; 
DECLARE r1cv_ur.q11.1.empty BIT PUBLIC; 
I• llamb.r of byt11 111 r1c:v bdor• r1cv flow 11 tur111d off 















/• 111r.1n1.bll •/ 
/• Proc:1dur1 to illitiali.u thl U11r poR :intlrruptl. •/ 
DISABLE; 
int.rr11pt.1111.bll_n, • '000000018; 













64 ' .. ' " ' " ' .. ' 
" ' " ' " ' " ' " ' 
.. ' " ' .. ' " ' .. ' 
" 1 
70 ' 
71 ' " ' 
73 ' 
74 ' 
11sr_diHblt: PllDCEDU!.E PUEILIC OSllfC O; 
!•---------------------------------------------------------------------- ·----•/ 
!• 111r.di111ble •/ 
/• Proc:1d11r• to di1abl• tha U••r port i11t1rr11pts. •/ 
DISABLE; 
1ntsrnpt.111&bll.ng • 000000008; 
EXO • O; 
EH.lBLE; 
END 11.sr.di1&bl1; 
11.1r_qus.illith,liH: PROCEDURE PUBLIC USIHD O; 
/•---------------------------------------------------------------------------•/ 
I• 111r_q11,.initi1lir1 •/ 
I• Proc:sd11.r1 to initialiu bot!\ the unr tr1umit q,ueu• and th• uur •/ 
I• rec:11v, q,un,. •/ 
tr11111_11sr_q11,.tail • 11u_que.1in 
tr&111.11,r_q111.h1&d • O;
tra111.111r.11.11,.c:ou11t " O; 
tr11111.111r_q111.f11ll ., O; 
tr11111.u.r_qn.11111pty • 1; 
r,c:v.111r.q111.t&il '" 11sr.q11e.li1, 
r•c:v.111r.q,11•.head ., O; 
r,ev_111r_q11e.c:a1111t O· 
recv.111r.q,111.f11ll O; 
rec:v_111r.q,11•.l!lpty • !; 
fir,t_e,c:ap,_fa1111d • O; 
1111ion.,1c:•p• • O; 
req1111t.111r .:flaw.off • O; 
req1111t.111r.flow.011 s O; 
trus.Hr.flaw_control .. o; 
- ! ;
- 1; 
111r.1st.1witch11: PB.OCEDtlll.E PUBLIC USIIID O; 
!•---------------------------------------------------------------------------•/ 
I• 111r.1•t.1witchs1 •/ 
/• Proc:adun to rud th, awitch 11tti11g1 o1 ••itch bull:1 Sil, m, «nd SW3 •/ 
I• into byt•• H1.iMI•, •w2.11U.g1, &11.d aw3.i.lU.g1 r11p1ctively. i 1 bit •/ 





an UC OD3R ) REGISTER.; 
an UC OD4H ) 11.EGISYE!; 
an UC OD6H ) llEGISTER.; 
BTtE; 
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!• Bit 3 of Port 1 
/• Bit 4 of Port 1 



























•• :1_1mag, • "
H3_im&g• • "
00 i•O •• ,,
END; 
P1 • ( P1 .lND UOOOOOOB ) OR. ( 001110008 OR. i ) ; 
IF p1.3 THEJl •wLilu.g• • H1.im&g• + 1; 
HLi111&g• • ROR( 1wi_im&g•, 1 ) ; 
IF p1_4. THEJl H:l.i111&g• • .. :i_izu.g, • 1 · 
n:l_imsg• • ROR( H:l.im&g•, 1 ); 
IF pl_5 THEJl H3.imag, • H3.imag• + 1; 
H3.imag• • ROR( H3.1mtg•, 1 ) ; 
END ur -t•t.,witch .. ; 
u.r.ut_bud: PROCEDURE( data ) Pll'!lLIC USING O; 
!•---------------------------------------------------------------------------•/
I• 111r.11t.ba11d •I
I• Proc1d11r• to g,t thl baud u.t• of tb.1 8250 Uur S1rid port without •I
I• aff•cting othlr lin, par&m1t.r1, •/
I•
bitl 
3 ,2,1 Baud Rat. Jfu.mblr of ,top bit. 
0 0 0 11800 1 
0 0 1 4800 1 
0 1 0 1800 1 
0 1 1 1200 1 
1 D D 300 1 
1 0 1 150 1 
1 1 0 110 2 
1 1 1 76 2 
•I
BTIE; 
I• Baud rt:tl divi1or lookup tabl• for b•nd rat, r11p1ctivlly: 
I• ;soo, uoo, 11100. 1200, 300, 150, 110, 75 
DECLARE r&t..tabll( II ) WORD COliSUll'T( OOOCH, 00188, 00408, OOl!OH, 
011108, 03008, 04171(, 0800H ) ; 
•I
•I
lin..control.ng • liu_control.r•g 01. 808; I• S11lct diV11or r1ghtlr1 •/ 
data_r11 
i11t•rr11pt.•n&bl•.r•1 
.. LOW { rat..tabll( 
.. HIGH( rat..tabl1( 
data .um o7H ) ) ; 
dat& !HD 07H ) ) ; 
lin..cantrol.r•r • liu.control.ng llD 7FR; 
un.initi&liH: PROCEDURE( data ) PUBLIC D'SilfG O; 
!•---------------------------------------------------------------------------•/ 
I• 111r_initialii1 •I 
I• Proc1dur1 to 1ttit1aliu th• 11250 U11r Sni&l Port b11&d en th• byt& valu •/ ��- � 
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3,2,1 S.l!d .... N11mbir Gf ltGp bitl 
0 0 0 .g8oo· 1 
0 0 1 4800 1 
0 1 0 1800 1 
0 1 1 1200 1 
1 0 0 '" 1 
1 0 1 150 1 
1 I O 110 2 
1 1 1 " 2 
bit 4 0 " Parity dilablld 
1 • Paril:y 1n1blld 
bit s 0 " Ev111. parity 
l = Odd parity 
bit II 0 " 8 bit word llngth 
1 7 bit word hngth 
bih 7,8 IIG 1f1'1ct 1111 th1 8:160 
BT!E; DECL.I.RE dah 
DECL.I.RE p1_7 BII UC og1a ) 11.E.GISIEll; /• Bit 7 Gt Port 1 
I• R111t thl 8260 chip •/ 
p1_7 • 1; 
p1_7 • O: 
CiLL 1111r _11t_ba11d{ -data ) ; 
/• Sit parity 1nabl1/di11bl1 
IF c d1t1 J..IID oaa ) " o 
THEil li111_c:ontr<1l_r1g 
ELSE lin1_c:ontrol_r1g • 
I• Sit parity odd/1v111 
IF ( data .l!iD 108 ) • 0 
THElf lin1_co11trol_r1g • 
ELSE li111_co11trol_r1g • 
I• Sit data word langth 
IF ( d1t1 il!IJ 20H ) " 0 
THEil lin1_control_r11 • 






l:ln1_co11trol_r1g J..!iD OF'7fl ) ; 
lin1_co11tr11l_r11 " 08H ) ; 
•I
li111_co11tr11l_r1g " lOH ); 
li111_c1111trol_r11 i!iD OEFH ) ; 
•I
li111_c:1111trol..r1g " 03H ) ; 
li111_co11trol_r11 "' OFER ) 





I• uar_in_byt1_1t1t111 •/ 
/• ?yp1d proc1dut1 which r1t11rn1 tr111 :lf th1r1 11 a charact1r 1v1U1bh •/ 
I• fro-. tll1 O'ur S1rid Port r1c1iv1r. •/ 
IF lin1_1tatu1_ng AND 01H ) • 0 
?HEH RETIJRH O; 
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144 ' "' ' 
141 ' 
148 ' 
ELSE llETillUf 1 \ 
ur.in_byt•; PllOCEDtraE BTTE PUBLIC OSIIIG O; 
/•---------------------------------------------------------------------------•/ 
I• n•r.in.byt• •/ 
/• Iypld prao:ldun whlch ntun1 • o:haractlr wh-n aw.ilabl, •/ 
I• frCIII the u .. r Serial Part nceiv•r. •/ 
DO WHILE ( line.•t&tu.ng illD 01H ) "' 0; 
CALL o:heclc.,rr1tat; 
£Ill); 
ur_ant.byte: PROCEDURE{ d•t. ) PUBLIC USING O; 
/•---------------------------------------------------------------------------•/ 
I• n•r.out.byt1 •/ 
I• Proc1dura which Hnd• a charactlr out the U1,1r Suial Part. *I
DECLJ.RE data BTIE; 
DO lfHILE ( li:11.•tatu..nr J.ND 40H ) • O; END; 
data....n1 • data; 
END ur.aut.byta; 
uar_auta.baad; PROCEDUR£ Pl[BLIC usrno O; 
!•---------------------------------------------------------------------------•! 
I• 111r_1.11to.baud •/ 
I• Pracldura to .. t th, baud rat, o:r thl 8l50 0Hr Sarial port autClll9.t1cally *I 
I• bu1d on incom.111 carriag1 raturna. •/ 
DECLARE 1 BYTE; 
DECLARE junk BYTE; 
DECL.I.R.E :t'ound BII; 
:t'ound • O; 
DO WHILE NOT :t'aund; 
i .. o; 
CJ.LL ur.11t.baud{ 1 ) ; 
bu:t'hr.tin:ier ,. OFFH; 
DO WHILE ( ba:t'hr_timlr <> 0 ) J.l!D ( NOT :t'ound ) .lND ( 1<8 ) ; 
CUL ch1ck.1rnt1.t ·, 
IF 111r.in_byt1.atatu, 
THElf IF data....ng • Cit 
THEii' DO; 
found .. 1: 
I• If :t'ound a cariag, r1turn thin 11t 
I• b1.11.d ratl and 1xit 


































i "' 1 + 1; 
CALL tim.•( 266 ) ; 
CJ.LL tiiu( 266 ) ; 
CALL tiiu( 265 ) ; 
CALL tiiu( 256 ) ; 
IF i<8 THEll' CALL 11.ai:-_Ht_bud( i ) ; 
j11.nk • data._ug; 
b11:thl:"_t1mer .. OFFH;
tu111_nu_q11.9_1nqu: PRDCEDtllt.E( data ) PUBLIC USING O; 
/•---------------------------------------------------------------------------•! 
I• ti:-a.n,_ui:-_qu_enqu •/ 
I• Procedur, to enqu.u th1 a. byte o:r da.ta onto th• uu port tra.n,m.it •/ 
I• qu•11.•. •/ 
DECLARE data BYTE; 
IF ROI t1:"a.n1_11.1i:-_qu1_:tull 
/• It th• q1111.11.e ie :1'11.ll on cell, thu do nothing; d1.ta 11 lo1t, •I
/• U th• queue h not hll than: •/ 
!HEH DO; 
I• tnq11• th, byte. •/ 
DIS.tBL£; 
tun1_11.1J:"_qU1_9111Pty " O; 
tra111_11n_but( tun1_u11:"_qu1_hHd ) ,. data; 
tnna_un_que_hHd • trana_u1:r_qu1_hlad + 1; 
IF tran1_111r_qD.1_hHd " U1J:'_q11.1_1iu 
IHE!I tru.a_11.u_qu1_h1ad • O; 
tu.n1_111J:"_q111_eou11t • ti:-1.n1_111r_q111_c:011nt + 1; 
IF tran1_un_q111_count " u,i:-_qu1_1i.u 
Ilitli tl:'l.nl_UIT_qu1_hll • 1; 
I• Initiate pa.ebt tran111l111ion, it it hu 1topp1d •/ 
IF ( ( intll:':rupt_enabh_ng A/ID 02H)"O ) JIID NOI tnn1_1111:"_Uow_control 
THEll intlrrupt_1nabl1_r•1 • ill.ten11pt_1nabh_r1r Ol 02H; 
Ell.tBLE; 
t111); 
ncv_111r_qu,_d,q111: PROCEDURE BYIE PUBLIC USING O; 
/•---------------------------------------------------------------------------•/ 
/• l:'ICV_llll:'_qu1_d1q11  •/ 
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/• Typ•d. proe1d.11re to d.1q11e11e a data byte for the uur port r1elive q11e11e. */ 
DECLARE d.ata BYTE: 
IF reev_11ar_que_e11:1pty 
I• I:t the queue 1, .mpty on eall, then do :,.atlling; ret11.rn null data. 
!KEM REl'URII O; 
I• I:t the q11enm ii not enipty thn: 
ELSE DO; 
/• Deque the byte. 
DIS.I.BI.£; 
recv_11u·_que_:t11ll " O; 
recv_11 r_q111_tail • raev_111r_q,:e_tail + 1; 
IF reev_111r_q111_tail • 111r_q11e_aize 
THE.It ncv_11n_q111_tlil " O: 
r1cv_u1r_q111_count • r1ev_11.1r_q111_co11nt - 1; 
IF recv _111r _q111_count = 0 
!HEH r,cv _uer_qu1_1111pty • 1: 











I• Proc1dun ta Hrviel int.rruptl 1'ro:m. the Unr Port ( the IIIS8:Z60 •/ 







I• Main cadl of int8:Z60_11rv •/ 
I• •I
id• int1rr11pt_id_r1g; 
DD WHILE {id lITTl 01H)"-O; 






































/• chr.tran1.11rv •/ 
I• � 
data • lin1_ 1t1t11.1.r11; I• Cl•ll' th• 1t1tu1 "' •I
IF tran1.11.1r_qu1_1111pty 
THEil int1rrupt.1nabl1.r1r � int1rrupt_1n1bl1_r11 J.ND Oi'DH;
ELSE 
tun1.un.qu1.d1qu1; DO: , •.•......•.....•.....•...•........•.....•...•••........•...•......••. , 
!• tran1_11.1r_q11.1.d1qu1 •/ 
/• Proc1dure to d1quau1 1. d1.t1. byt1 from thl uur tranamit qu1u1, •/ 
I• U th, q11111.1 i• not 1111pty th111: •I
I• D1q11.111.1 th• byt1. •I
tru.1.u1r.qu1_fall O; 
tru1.uar.qua.tail tr&111_11.1r_q11.1_tail • 1; 
IF tr1A1.11.1r_q111_ta1l • ur.q11.1_dH 
THEJ trall1_11r.q11.1_ta1l • O; 
IF tran1_11.1r_q11.1_count • 0 
?HEii tran1.11.1r.qU1.llll}ltY • 1: 
data.r1r • tra.111_11.1r_buf( tr1.111_11.1r_q11.1_tail ) : 
chr_r,cv.Hrv: DO; 
/•-----------------------------------------------------------------------•! 
/• chr _r 1cv.Hrv •/ 
I• •I
r1ev.111r.q111.1nq111: PllOCEDl.ll!.E( data); 
!•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••/ 
/• r1ev.11r_q11_1nq11.1 •/ 
/• Procld1r1 to .nqa.111 a data bytl onto th u"r r1cliv1 1111.1111, •/ 
IF 110! r1cv.ur_q11.1_tull 
I• It th• qa.111.1 i• fa.ll on call, thin do 11.othing; data i• lo1t. •I
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PL/M-61 CO!,!PILEl 
"' 7 "' 7 
"' 7 "' 7 
"' 7 
"' 7 
"' • "' • "' • "' 7 
"' ' 
"' 6 "' 6 
"' 6 
"' 6 '" • "' • "' • "' • "' • "' • "' • '" • "' • 
'" 6 




I• It th• q11111e ii Mt :tull then: 
THK!l DO; 
I• E.D.qu the byt•. 
r1cv_11.1r_q11e_U1pty = O; 
r1cv_11u·_b11f( r1cv_11.1r_q111_head ) " data: 
recv_ur_qu_hud • recv_111r_qu_he&d + 1: 
IF recv_11.1r_q11•..head " 111r_q111_1in 
THEN recv_11.1r_q11e_hlad .. O; 
recv_111r_q11e_ca1111t .. recv_111r_q111_caunt + 1; 
lF r1cv_111r_q11e_ccunt .. u.r_q11e_11i1 
THE!i DO; 
i:1/D; 
recv_uer_que_:tull os 1; 
r1cv_uar_q111_av1r:tlow ., l; 
i:ND; 
line_1tat11&_reg; I• Cle&r tha atatu 
I• Get the r1ceiv1d • data..r•g; 
I• If 1111.bld, cheek :tor HCllP• Hq11111c1 
IF ••••io11_e1cap1_1tat1 
THEii IF Uret_Hcape_found 
TIIEB lF data '" LOW( 1Hdc11_Hcape_Hq111nca 
THEN DO; 
EJID; 
:tirat_Hcap•J'ourul • O; 
aeuion_Hc&p1 • 1; 
i:LSt DO; 








CALL r1cv_uar_q111_enq111( HIOH( .. 11icn_Hcape_Hq11enc• ) ) ; 
CiLL recv_111r_qu_tD.q11•( data ) ; 
END; 
i:LSE IF data • HIGH( 1a1&ia11_1,cape_a1q11ence 
THE:11' :Ur1t_Hcap1_:to1111d • 1; 
ELSE CJ.LL r1cv_111r_q111_enqu( data ) ; 




I• U111_1tat11&_aerv •/ 




201 • m, /• tM1) DD CJ.st •I
'" ' id• int•rrupt_1d_r1r; 
"' ' £ND; I• m DO WHILE •I
'" 1 "" 1HS:i50_11rv; 




(STJ, TIC+OvtJtL.I.T ABLE) 
DIREC! V.1.RI.l.BLE SIZE 
I!roI!lEC! VJ.RUSU: SIZE 
BIT SIZE 
BIT-ADDRESSABLE SIZE 
.1.UXILURT VJ.RUBLE SIZE 
MUIMUM SUC1'. SIZE 
R.EGISrtll.·B.I.NI(S) USED: 
838 LINES REiD 
O PllOGlJ.M DUI.Ol(S) 
END OF PL/M-51 CDMPIL.l.!IOII 
" 03108 
,. 00108 


















Transport Layer Module 
PL/M-61 COMPILE:R TRLJ.T Iran1port Lay.r Moduh 
ISIS-II Plh!-61 V1.1 
COMPILU INVOKED BT: PLM61 ;F8:tltU'f.J!II 
$PJ.GEWIDTH( ;5 ) 
UI?i.E.('?P.UT Tran.port L1yu• Moduh') 
1 1 tr lay: DO; 
' 1 
• 1
7 1• 1 ' 1 
10 1 
11 1 
/•--------------------------------------------------------------------------•! �- � 
� � 
I• Dave Wickl11'f •/ 
I• La1t �odifi1d: 11/27/86 •/ 
I• •I
DECLARE. 1ipo11 Lil'Ell.lLLT 




I• Extar111h froa USII.L.lT 
DECLARE tr1111.111r_q111.f11ll '" EIIEll.!U.L; 
DECLARE r1ev.111r.q111.1mpty '" ElmLN.I.L; 
DECLARE •• 1_1iu.,, BTU:: EXTERNAL; 
DECURE 1-.:Z.ilna11 BYTE EITEJUIAL; 
DECLARE 1W3.Ulll.g1 BYTE ElTEJUU.L; 
DECL.lllE. 1111i1111.ue1p1 '" EXTERJU.L; 
104 
•I






21 ' " ' " ' " ' " ' " ' 
31 ' 
33 :I. .  
36 ' 
" 1 













" ' " ' " ' 
" 1 
IEJECT 
11,r_initialiH: PRDCEDIIJlE.( data) ElTEllllAL; 
DECLARE data BTTE; END; 
111r_1nabh: PROCEDURE EITDUUL: END;
ur_dbabh: PROCEDURE EITEll.114L: Elll)' 
111r.qu1_initializ1: PROCEDUU: EITERll4L: Elll)' 
u1r_g1t_1witcb11: PII.OCEDURE ElTEll.lfAL; EIID, 
U1r_11t.b&11d: PII.OCEDUR.E( data ) EITEP.HJ.L; 
DECL.lRE hta BTTE: EIID, 
111r.t11to_ba11d: PllDCEDll!.E ElTEII.Jf4L; t!ID: 
trllfl1_111r_q111_,nqu1: PllOCEDIIJlE.( data) ElTERIIJ.L; 
DECLARE data BYTE; END; 
r1cv_u1r.qu,_d,qu1: PII.OCEDUB.E BTTE El!t!UUL: EllD,
!•----------------------------------------------------------------------•/ 
/• Ext1rnal1 fram NETUT *I 
111t.initilliu: P!I.OCEDU!I.E EXTEK.11'4L; END; 
tn.na.pkt_qu._,nqu.: PROCEDURE ElTERN4L; EIID; 
DECUR.E tru1.pkt_qU1.ill WORD EXTERNAL; 
DECUR.E tran1.pkt.qu._full BIT EXTEII.NALi 
rocv.pkt..qu1..d1qU1: PROCEOUR£ EXTEll.114L; END; 
DECLAR.E rocv.pkt.qu,_out WORD ElTERIU.L; 






I• Ext1ru1l1 :tra. DI.J:UT "' 
DECLUE d1ta.linlc.1tat111 BTTE ElTEII.IIAL; 
!•----------------------------------------------------------------------•/ 
I• Ext1r11al1 :tr014 !IMSRV •/ 
DECLU.E bu:tflr.ti1111r BTrt Eli'ElllAL; 
DECLARE buff1r_t11111r.rutlrt BTrt EXTERNAL; 
/•----------------------------------------------------------------------•/ 
I* Ext1rn1ll :tr= PWTEST •/ 
pow1r.on.t11t; PROCEDURE EXTERNAL; END; 
/•----------------------------------------------------------------------•/ 
I* Ext1r111l1 from COMI.AT •/ 
co11111ari,d.l1y1r: Pll.DCEDURE EXTERNAL; END; 
111n11g1: PROCEDll!.E( ptr ) ElTEll.114L; 
DECUB.E ptr .lDDP.E.SS: 
EIID; 
!•----------------------------------------------------------------------•/ 
I• Ext•rn&ll :tr- CIIHCOM •/ 
di1pl1yJl,u:: PlOCED1JB.E( data ) EITEII.IIAL; 
DECLAaE data BT!E: 
EIID, 
!•----------------------------------------------------------------------•/ 
I• Ext1r11all fr= DU:L4T •/ 
DECLARE rand= BT rt EITt!I.N.lL; 
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/a Errar/St•t111 IUIHIH for !IETL.I.T 
DECL.I.RE 1rrar_r•try LITEJU.Lt,T '01H': 
DECL.i.lLE •rror_utry_iu1 LITERALLY 
'''11.•try n:c11dld, Ho rHpa111• froa ramot•.'''; 
DECLAR.E 1rror_watch_da1 l,ITER.I.LLT •o::za·; 
DECUllE 1rror_watcll_dog.JUI LITERALLY 
''''latch dog tilu out, !lo rHpon .. from ramot1.'''; 
DECLUE 1tat_11uion_via_r1mat1 LITERALLY '10H'; 
/•DECLAR.E 1tat_1111io11_via_r-.ot,_.., LITERALLY 
'' 'SHaiOfl lltflblitlltd Via -r1mate.''' ;•/ 
DECUR.E 1tat_11uian_vi1_lacal LITt!ULLT 'UH'; 
DECLARE 1tat_1111io11_V1a_lacal.JUg LITERALLY 
'' '81111011 utabli1ll1d Vi a local.•''; 
DECLUE 1tat_r1matt_buy LITEIULLY '1::ZII'; 
DECLARE 1tat_r111:1ate_b111y_11111 LITEILALLY 
'' 'll.11111at1 i1 b111y. • ''; 
118 1 • DECLAllE 1tat_r11mat1_not_av1il1bl1 
DECLUE 1t1t_re.ot1_11ot_avai1'bl1..11111g 
'' 'lle.ot1 ii not availabla,'''; 
DECLARE 1tat_clo11_V11_local 
LITE!l.l.LLT '13H'; 
Iii 1 • 
• 
70 1 ,. 
71 1 " 
" ' 
DECLARE 1tat_clo1,_via_lacal_nag 













" " " 
85 .. 
87 .. 
" " " 
'' 'Sudan cloud via ruiot1.'''; 
• /• Error/StatUI 1D.11ug11 for DUL.I.! 
1 ,. DECLARE error _beck off 
1 • DECLARE 1rrar_backoff_11111g 
"' '' 'Baekaff retry 1xc11d•1l.'' '; 
1 "' DECLJ.R.E 1rrar_j111111111ld 
1 DECLARE 1rrar_j111111!11d..1111g 
• '''ll1twark jll!Dlll1d.'''; 


























I• Local D1fi11itoa1 •/ 
DECLARE 1rntat_1ntry LABEL PUBLIC; 
DECUR.E loapJonv•r UBE!; 
DECLARE C011111and_1tat I BI'I' PUBLIC; 
DECUJIE 111r_t1ov_1tat1 BIT PUIILIC; 
DECLARE xci11_xaff_flow_1t1t1 en PUBLIC; 
DECLARE v1rba11_1tat1 BU PUBLIC; 
OECLJ.RE 1111io11_11cap1_1tat1 Bir PUBLIC; 
DECLAR.E dtr_co11trol_1tat1 BU PUIILIC; 
DECLARE 111to_baud_ 1tat1 BIT l'UIILIC: 
DECLARE local_1ddr VOllD PUBLIC; 
DECLARE r111:1ct1_addr VOllD PUBLIC; 
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" 1 
" 1 
" " 1 1 
.. 2 
DECLARE crlf LITEII.J.LLT 'ODH,OJ.11'; 








I• Carri,ge R,turn, Line Feld *I
I• Bell •/ 
I• Start of External Mmory 




I• init •/ 
I• •I
I• Sy,ta. inithli.i:atio11 procedure. •I
I• Pow1r en it.tu dlfiud by the thrn DIP awitch ntting1 u follow,: •/ 
I• 
Note Switch Op1n ., 1 and Switch ClcH "' O 
DIP SWITCH 1: 
blta 
3,:1, 1 Baud Rate Nu.mbet" cf atop bit• 
0 0 0 gi,oo 1 
0 0 1 4800 1 
0 1 0 1800 1 
0 1 1 1:100 1 
1 0 0 300 1 
1 0 1 !SO 1 
1 1 0 110 2 
1 1 1 76 2 
bit 4 0 ,. Putty dilablld 
1 • Parity e111bl1d 
bit 6 0 Even parity 
1 Odd puity 
bit " 0"'8bit word len(th 
1 • 1 bit word length 
bit 1 0 • Flow control enabled 
1 • Flow control diublld 
bit 8 0 XOII/IOFF flow central 
1 • EIJ. flew control 
DIP S'IUC!I :I: 
bit 1-8 Low order byte cf node addre11 
DIP S'WUCH 3: 
bit• 1-4 Lew nibble cf high order byt1 cf node 1ddnu 
lfcte the high nibbl1 i1 u1um.1d 0000 
bit 6 0 • V1rbeu 1nabhd 
� v,rbo11 di11bl•d 
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10, ' "' ' 














bit II a • S1uio11 HO&pt 1111bl1d 
.. s,111011 HC&pl diubltd 
bit 7 a • DIR control diHbltd 
• DIR control tn&bltd 
bit 8 a 4utobnd dhabltd 
• htobnd tn&bhd 
CALL n1r_init11liu{ twi_imagt ) ; 
local_1ddr "' SHL( DOUBLE(n3_i1111r1 i!ID OFH), 8 ) • nl_im&gt; 
n1_imagt = ROL( llfl_illlllg1, 1 ) ; 
xcn_xo:tt_:Uow_1tatt = NO'l' BOOLEAN( 1w1_illlllgt ) ; 
nl_im1.g1 = ll.OL ( tWLilllll(I, 1 } ; 
111r_:Uow_1ttt1 • NO'l' BOOLEAN( 111'1-illlll(I ) ; 
n1_ilDllgt • ROR( n1_imag1, l ) ; 
1w3_i1D11g1 • ROL( 1w3_:im&r1, 1 ) ; 
&11to_bt11d_1t1tt • BOOLEAN( n3_imagt ) ; 
H3_imag1 • ROL( 1w3_imag1, 1 ); 
dtr_co11trol_1t1tt • BOOLE.llf( 1w3_imag, ) ; 
n3_iag1 • !OL( 1w3_imag1, 1 ) : 
1111io11_uc1p1_1tate • lfOt BOOLE.Ur( H3_imagt ) ; 
1w3_iiu.g1 "' R.OL( 1w3_11111g1, 1 ) ; 
V1tbo11_1tat1 = NOI BOCLE.lN( H3_iiu.gt ) : 
n3_111111.g1 a R.OR( n3_iiu.gt, 4 ) ; 
co111111.11d_1tatt • 1: 
b11fhr_ti1111r_rutart • 6H; 
1111ion_ucap1_11q11111ct "' 1818H; I• Control-I Control-I •/ 
EIID illit; 
ch1ck_1rratat: PILOCEDtrR.E PUBLIC; 
•I
!•--------------------------------------------------------------------------•! 
I• oh,d:_trratat •/ 
� � 
IF ( 11 twork_1tat111 <> 0 ) O!l ( data_link_1tat111 <> o l 
IHEH COTO 1rratat_1ntry; 
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1'1 3 "' 3 
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/a di1pl1.y.1rr1t1t •/ 
I• •I
IF ( utwork.1t1.tu1 <> 0 ) AHO ( n1twcrk.1t1.t111 <> 1t1.t.u11ion.via_rozot1 
J.IID ( n..twork.1t1.tu1 <> 1tat.clou_via.nmou ) 
THEii DO; 
CALL mu1ag1( .( crlf, '!', bdl, 'IIET', O) ); 
CALL dhplay_h,x( utwork_1tat111 ) ; 
IF v1rbo11.1tat1 
THEii DO; 
CJ.LL m11ug1(. ( ' - ', 0 )) ; 
IF n1twcrk.1tatu1 • u•ror_ntry 
THEN CALL muug1(.( 1rror.ntry_msg, O )); 
ELSE IF n1twork.1tat111 • nror_watch_dog 
THEN CALL m1nag1_(. ( 1rror.w.tch.d.og_msg, 0 ) ) ; 
ELSE IF 111twork.1t1.t111 " 1tat.n11io11.vi1..local 
THtll CALL muug1(.( 1t1.t_HHion_vi1._local_rug, 0 )); 
ELSE IF n1twork.1tatu1 ,. 1t1.t.remotl_bu1y 
THE/l CALL 1111111.g, (. ( 1tat.rmot1_blllYJIIII, 0 ) ) ; 
ELSE IF network.1t1,tu " 1tat.ruiot1.not.avaU1.bll 
THEii CALL m1111.g1(.( 1tat.remot1.not..,avaih.bl1..msg, o )): 
ELSE IF n1twork_1tatu1 "' 1tat.clo11.vh.loc1.l 
THEii CALL mu1ag1(. ( 1tat.clou_via.local.m,g, 0 )) ; 
EIID; 
CJ.LL.1111111.gi(.( crlf, 0 )); 
END: 
IF data.link.1tat111 <> 0 
THEN DO; 
Elill; 
CALL m11ug1{ .( crlf, '!', bill, 'DU:', 0) ); 
CALL di1play.hlx( data.link_&tatu } : 
IF v1rbo11.1tat1 
THEN DO; 
CALL m11u11(.( ' - ' 0 )}; 
IF dat1..link.1t1.tlll • 1:rror _backoff 
?HEif CJ.LL 1111111.g,C.( 1rror.backoff..1111g, 0 )); 
ELSE IF data.link.1tat111 • .rror_j1111111d 
THEii CJ.LL mu1a11C. ( 1rror_j E11Ud..1111g, 0 ) ) : 
ELSE IF data.link_1tatlll .. 1rror.dd1r 
THE.If CALL 111uug1(.( ,rror_d.du•..11111, 0 )); 
END; 
CJ.LL a111111{.( crlf, 0 )); 




I• talk •/ 
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186 4 "' 4 
187 4 
10, 4 "' 4 
"' 3 
1'1 4 "' 4 
1'4 4 "' 4 "' 4 
1'7 4 "' 4 "' 4 
,oo 4 '" 4 
"' 3 
'" 4 '" 4 '" 4 
'" 3 
I• 
DECLJ.R.E tran1_bl11clc_l1ngth BJ.SEO tr&111_pkt_qu1_111 BTTE J.IIIILURT; 
DECLARE trans_block_ptr WORD; 
DECLARE tn.na_bloclc """ tran1_bl11ck_ptr Bf!E J.UIILU!T; 
DECLARE rocv_blockJ•ngth BASED r1cT_p1ct_qu1_out BTTE J.UIILUR.T; 
DECLARE ncv_bloelc_ptr WORD; 
DECL.lRE ncv_block """ r1cv_block_ptr BYTE J.lllILiilY; 
tran._bl.,ck_hngth ., o: 
tran,_block_ptr • tran1_pkt_q110_i11 + 1; 
r1cv_black_llngth • o: 
rocv_bloek_ptr = rocv_pkt_q111_011t + 1; 
CALL u1r_q111_initi1li11; 
CJ.LL 111r_1111bl1; 
DO WHILE llOT Ca1m1W1d_1t1U; 
END: 
r111dl)m "' rand Ml + 1; 
IF u11ia11_11c1p1 THEil c1111111&nd_1t1tl • 1; 
CALL ch1ck_1rr1t1t; 
DO WHILE( llOT r1cv_un-_qu1_81npty ) J.BD ( tra111_block_l1ngth<>122 ) ; 
tn.n,_bloek " ncv_uu_qu._d,que: 
tru,_block..length • trans_block_hngth + 1 · 
tr1n1_block_ptr "' tr1n1_block_ptr • 1; 
bu1'1'1r_timer '" baff1r_tilll1r_r11tart; 
IF ( buf1'1r_tilur a O ) OR ( tr101_block_llngth .. 122 ) 
THEil IF ( HOT tra11.1_pkt_q111_full ) J.l!D ( tr1111_blaeJt_hngth<>O 
THEil' DO: 
CJ.LL tra111_pkt_q111_•nq111: 
tra.u_block_l111gth " O; 
tr.u1_block_ptr • tr1.111_pkt_que_in + 1; 
EIID; 
DD WHILE ( !IOI tran,_u1r_qut_full ) A/ID ( ncv_black_hngth<>O ) ; 
CJ.LL tran1_111r_qu1_1nq111( ncv_black ) ; 
EHD; 
ncv_block_hngth "' ncv_block_hngth - 1; 
recv_block_ptr ., ncv_black_ptr + 1; 
IF IIOT r1cv_pkt_que_Qlpty ) AND ( ncv_block_hngth=O ) 
TllE!I DO; 
CALL ·r1cv_pkt_qa1_d1qa1; 




























I• Mah Cod• •/ 
Cl.LL 1n1t; 
IF HO? 1uto_br.11d.1tr.t1 
Tl!EI{ DO; 
El/D; 
CALL JIIUH(I(.{ 11(110.11, 0 )); 
CJ.LL di1pl1y_h1x( HIGH{ locr.l.r.ddr ) ) ; 
CJ.U dhplay_h1x{ LOW( locr.l.addr ) ); 
loop_forever:; 




CJ.LL 111ur.g1(. C 1ignon, 0 )) : 
CJ.LL di1plr.y_hn::( HIOH( locr.l.addr ) ; 
C.lLL dhplly.b.ex( LOW( locr.l.1ddr ) ; 
IF c0111111.nd.1tate 01 ( NCI union_active ) 




IF 1111ion.r.ctiv1 ?HEN Cl.LL talk; 
COTO loop_forev.r; /• End forenr loop •/ 
END trl1y; 
MODULE IllFORMATIO!I: (SI A !IC+ OVE!l.L.l TABLE) 
CODE SIZE '" 0336H 821D 
CO!ISUNI SIZE • 01SFH 351D 
DIIu:cr Vll.UBLE SIZE • 08H+04H "' " 
INDI!liC? V.lP.UBLE SIZE • OOH+OOH OD• OD 
BI? SIZE 07H+OOH 7D• OD 
BII·.lDDIU:SS.lBU: SIZE OOH+OOH OD• OD 
J.UlILURT VARIABLE SIZE • 000011 OD 
NUIMID! SUCI SIZE • 0008H " 
RECISTER·BJ.NI(S) USED: 0
4.515 LINES WD 
0 ?!CCII.AM E!UI.O!(S) 
END or PL/M-61 COMPILATION 
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' 1 ' ' ' ' 
8 ' 
10 ' 
12 ' " ' 
1S ' 
17 1 
$PAOEWIDTH( 115 ) 
ITITLE('COMLU COlllU.nd, Leyer Mod11l1 ') 
cClllll.1.y: DO; 
!•--------------------------------------------------------------------------•/ 
I• ccmlay •/ 
� •/ 
. I• D1.v1 Wlc:klitf •/ 
/• L1.1t Modified: 11/:27/!S •/ 
� •I
/•----------------------------------------------------------------------•! 
I• Ext1rnal1 from t1SRL1T •I
DECLARE 1wl.i-.g1 BYTE ElTEIUll.L; 
DECLARE av:2.imar• BY!E £IT!l!JUL: 
DECLARE 1w3.1111ag1 BYTE EITEAll.1.L; 
111r.initi1.lia1; PROCEDURE( data) EXTERlliL; 
DECLARE data BYTE; E!ID; 
111r.g1t.1Wit<:hH: PROCEDURE tlTEIUU.L; EHD: 
u1r.uto.b1.1ul: PROCEDURE E'.ITER!f.lL; END; 
111r.in.byt1: PJI.OCEDtlRE BYTE ElTERHiL; EJfll; 
11.1r.011t.byt1: PRDCEDtlRE( d1t1. ) £ITERH.1.L; 
DECLUE data BTIE; END; 
!•----------------------------------------------------------------------•! 
I• Exter11&lt :rrca CIJMCOM •/ 
DECLARE tree( 17) STIUCrt!IE( 
c�d.( 11 ) BTTI, 
para.ptr WOil) 
) EITE!lNiL COIS?U'?; 
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" 1 " 1 
" 2 
22 2 " ' " 2 " 2 " 2 " 2 " 2 " 2 " ' " 2 
42 2 .. 2 .. 2 .. 2 
60 
51 1 
62 1 " 1 
64 1 
" 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 .. 1 
" 1 
.. 2 








I• Ext:1rnah :trcmi nt.AY •/ 
DECLARE v.rboH_ltl.h BIT EXl'Ell.BJ.L; 
DECLJ.!.E c0111111.11d_1t•t1 BIT EITEIUU.L; 
•ddr111_cCll!lllf.lld: Plt.OCEDIIJI.E Ell'EU.lL; 
•otob111d_cC1111!1&11,d: PllOCE!luaE EXTEAll.lL; 
b.v.d_comand: PlDCEDIIJI.E EXTEllUL; 
connect_c-.nd: Plt.OctDuaE EX?ERBJ.L; 
di1conn1ct_cm1111111d: PROCEOIIJI.E ElmN.&L; 
dtr_cOIIIU.nd: PROCEDIJ1LE EITER!l'.&L; 
11c•p1_c011111111d: PROCEDllll.E EXTEllll'J.L; 
now_cOD11,t11d: PROCEDuaE Ell'ElBJ.L; 
l!.lp_comm.1.11d: PROCEDIJ1LE EXffllfJ.L: 
parity_cammand: PROCEDllll.E EXTEll!l'.tL; 
r1111l111_cC1J1C1.nd: PROCEDURE EITERlfJ.L; 
1tatua_cc,nmend: PROCEDURE EXTEl!.JU.L; 
ti1111_ccnmend: PROCEDURE EXT£RK.&L; 
v,rbc11_celQlllnd: PROCEDURE ElTEll!IJ.L; 
word_ CC1111111nd: PROCEDt!RE EXTEl!.IIJ.L; 
DECLARE crlf LITEll.lLLT 'ODH,OAH': 
DECLARE bill LITElULLT '07H'; 
DECLARE " LIT£RJ.LLY 'OOH'; 
DECLARE ,, LITERALLY '08H': 
DECLARE "' LITEll.lLLT '7FH'; 
DECL.lRE 1velu1t• BIT; 
DECLJ.RE till BIT; 
DECLARE qc11ticn BIT; 
DECLJJI.E 11111.bi(IIOIII Bir; 
DECLJ.RE m.tch_,nd BYTE: 
DECL.ll!Z hxt_ptr BYTE; 
DECLJ.llE 1tring_1nd BTJE; 
























DECLJ.RE p1.r1111et1r _11wab1r BTTE PUBLIC: 
DECLAllE h1X...p1.r11111tlr WOIID POBLIC; 
DECLJ.RE 1tr1ng(30) BTTE J.UIILI.lRT; 
1111111.g1: PROCEDURE(1tr_p) PUBLIC; 





.. 'g1t_1trin1' •! ,, 'g1t_1trillg' •I
of 'r1t_1tring' •I" 'conip1.r1' •I,, 'cci111p1.r1' •!
/•--------------------------------------------------------------------------•/ 
!• 1111111.11 •/ 
I• •I
/• Proced11:r-1 to pTiat a null hrminatld con1tent 1t:ing :r-uiding in codl •/ 
I• 1pac1, Thi word ,t:r-_p point, to th• tint charact1r in th, 1t:r-in1. •/ 
DECLJ.llE 1tr_p J.DD!ESS; 
DECL.lRE c!l.1.r 8.lSEO 1tr_p BTTE COlfST.lllI: 
DO WHILE char <> O; 
CJ.LL ur_cut_byt1( char ); 
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/• print.1tri.111 •/ 
I• •I
I• Procodllr• to print a prompt ud tilt c11n111t tut 1tring. •/
DECL.1.RE i BTTE; 
CALL 11i111ag1(.( crlf, 0 )); 
1 .. O; 
DD WILE i o ltring.111.d; 
CJ.LL 111r_o11t.byt1( 1tring( 1 ) ) ; 





I• p:r1nt.confirmation.hllp •/ 
I• •I
I• Proc1d11r1 to print hllp informatio11. on 1vai1bl1 co11.firmatio11.1. •I
Ir vorbo11.1tat1 
?HEif DO; 
CALL 11911ag1(.( . " . .  crlf, crlf, ' Confirm. conm.nd with cart.g1 ntnrn.' 
EliD: 




CALL 111r.1111t.byt1{ '?' ) ; 
1tring{ 1tring_111d ) .. '?'; 
1tring.111d "' 1tr111,_111d + i; 
END pri11t.co11firmatio11.h1lp; 
prillt.pu11111t1r: PROCEDURE( ptr ) ; 
/•--------------------------------------------------------------------------•! 
I• p:r111t_pu11111t1t1r •/ 
I• •I
/• Procld11r1 to print a l11t of pu&!Htlr, paintld to by ptr. •/
DECLARE 1 BT?E; 
DECLA!U: ptr WD!D; 
DECLUE cllu BASED ptr !Tt!. COIISUIIT; 
IF char c> o 
THEJCJ.LLmu .. g1{.{ '{ ', O)); 
ELSE CALL 11111uag1(.( crlf, 0 )); 
DO WHILE ch1r O O; 
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137 3 "' ' "' 3 
140 1 
141 ' 
:J. " O; 
IF eh&r • :2 rHE1 CALL mH1&ge(.{ 'xx:', 0 )) : 
ELSE IF ehar • 4 IHE! C.lLL •n••C•(.( '=', 0 )); 
ELSE DO; 
DO WHILE ehu <> 0; 
C.lLL 11u•.011t.byte( char ) ; 
ptr " ptr + 1; 
1 • 1 + 1; 
ptr • pt?' + 10 - i: 
IF eher <> O 
THEii C.lLL ll1HHge(. ( 
ELSE CJ.LL meuege(. { 
I ', o )) ; 
}', crlf, O )); 
print.p&r ... ter_help: PROC£1)URE( ptr }; 
/•--------------------------------------------------------------------------•/ 
I• print.pu&meter.help •/ 
I• •I






BASED ptr BYTE CONST.lJit; 
IF verbc1e.1t&te 
THEN DO; 
IF ch&r " 0 
TRE!i CUL print.eonfirmet:J.cn.help; 
ELSE DO; 
EJfD; 
CJ.LL 1Un1ge{. ( ' ? ', crlf, erlf, ' .lv&il&ble paraiut1n 
erlf, 0 )}; 
CJ.LL 1111111&ge(. ( ' 0 )) : 





CJ.LI. ur .<:111t.byt1( '?' ) : 
•trinr( &tr:lnc.•nd ) • '? •; 
1tr:J.J1c.111d • etring_111d + 1; 
E!ID print.paru.eter.help; 
print_eOllla&Dd: Pl0C£1)URE PUBLIC; 
/•--------------------------------------------------------------------------•/ 



































COMLJ.T Co-nd Lay1r Modnle 
I• Procoduu to print availbll CD!lllll.lld1. 
DECLARE 1 BYIE; 
DECLARE J BYIE: 
Cl.LL men1goC. C crlf, crlf, ' ivdl&ble C0119!1&1!.d1 uid thdr pu-uiot.r, 
crU , O)); 
i • O; 
DO WHILE tr .. ( i ).i:-.11d( O} <> O; 
CALL mt111g1(.( 0 }) ; 
j • O; 
DO WHILE tr .. ( 1 ).c-nd( j ) o O; 
EIID; 
CALL 11u_o11t_byt1( trH( i ).Cllll:IU.lld( j ) ); 
j .. j • 1; 
DO WHILE j < 10; 
EIID: 
CALL 11.1r_o11t_byh( ' ' ) ; 
J " j + 1; 
CJ.LL print_puamat1r( trH( 1 ) .pua_ptr ) : 





I• print.cCllllllalld.h1lp •/ 
I• •I
I• Proc1d11r1 to p:rint hdp information on availbla COlllllR!ld1. •/ 
IF v1rbo11.1t&t1 
THEN DO; 






Cl.LL Hr.011t_byh( '?' ); 
1tring( 1tring_11td ) • • ! •; 




I• print.coaii&nd_1ynta.x._1rror •/ 
� � 
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l08 ' "' ' 
1'8 ' 
"' 4 '" • "' 4 '" • "' • "' • "' • '" ' 
"' 1 
'" ' 
C.I.LL me11aga{.( crl:t, '!', bill, 'COMCE', 
Ir varbc .. _1tat1 THElf CALL .1H111age(. C 
CALL .. 11aga(.( crl:f, crl:t, ':', 0 )); 
1trin1.111d • o; 
print.parametar.1yntax..error: PROCEDURE; 
0 )); 
COllDl.ll.d. Syntax E.frcr. 0 )); 
/•--------------------------------------------------------------------------•/ 
I• print.par ... ter.1ynt.x._1rror •/ 
I• •I
CALL 111111111(.( crl:t, '!', bell, 'COMPE.', 0 )); 
IF v1rbou.1tate THEB CALL 111nnge(. ( ' - Parameter syntax Error .. 
CALL 111e11age(. ( crl:t, crlt, ':', 0 )) ; 
1tring_1nd "' o; 
E.IID print.p:uamet•r.eyntu.error; 
print.:till.errcr: PROCEDURE; 
0 ) ) ; 
/•--------------------------------------------------------------------------•/ 
I• print.:tll.1rror •/ 
I• •I
IF v1rbo11.1t1t1 
THEB CALL me111ge(. ( bell, ' ', 0 )) ; 
ELSE CALL 1t1r.out_byt1( ' ' ) ; 
1trin1( 1tring.end } • ' '; 
1tring_end • 1trin1.111d + 1; 
E1ID print.:till.1rror; 
prillt.1'111: PROCEDURE( ptr ) ; 
/•--------------------------------------------------------------------------•/ 
I• prlnt.:t1ll •/ 
I• � 
VORD; DECLARE ptr 
DECURE char BASED ptr BYTE COHS'UlfT; 
IF v1rbo11.1tat1 
Tl!EH DO; 
DO WHILE char <> 0; 
CALL 111r.out.byte( char ) ; 
1tring( 1trin1.end ) • ch:u; 
1tri111.111d • 1tring.1nd + 1; 
taxt_ptr • uxt.ptr + 1; 
END; 
EllD· 




I• 1•t.1trin1 •/ 
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'" ' 





21, ' '" • '" • '" • '" 4 '" • "' • 
"' 3 
'" 3 












I• Proc:1dun to add c:hanctln to thl array 1tring( ) uutil • 1p1c:1 or 1. •/ 
/..- cari111 r1t11r1 11 1ntlrsd. •/ 
I• •I
DECLARE char BYTE; 
c:h1.r • u1r.in.byt1; 
DO WHILE ( char o cr ) ANO ( char <> ' ' ) AND ( char o '?' } ; 
IF ( char • b1 ) Oil ( c:har • d.11 ) 
IHEll DO; 
IF 1tring.111d o O 
THEN DO; 
CALL iu111.g1(.{ b1, ' ', b1, 0 )); 




CALL 111r.a11t.bytl{ c:har ) ; 
1tring{ 1trbg.111d ) • char; 





IF chitr • er 
THEM IV&lUl.tl .. 1:
ELSE IF char "' . . 
THEN fill • 1; 




I• 1kip.1p1c1 •/ 
� •I
DO WHILE { tsxt.ptro1trin1.111d ) AND { 1tring( tsxt.ptr )•' ' ) : 
t1xt.ptr • tlxt.ptr + 1; 
£ND, 
ElfD 1kip_1p1c:1; 
compar1: PllDCEDUB..E( ptr) BYTE; 
/•--------------------------------------------------------------------------•/ 
I• COll!.par• •/ 
� •I
I• Proc1dur1 to cgmpar1 th• taxt of array 1tring( ) ,tarting at tsxt.ptr •/
/• with a can1t1nt ca11D1.nd/paruwt1r 1tring point1d to by ptr. tt •/
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I• r1tur111 • 11011-.uro vl.1111 if thlro i1 • 11niq111 match.. The valli.1 ii 111 •/ 
I• a:tf11t to the 11011-dgni:ticant r-i11d1r of th1 c11n1t111.t 1tring. •I
I• z1r11 off11t ii r1t11r111d With thl bit uabi(IIOIII Ht if thl t1:ct ii •/ 
I• uabigu.0111 or with the bit ambipo111 r111t if thl t.xt i1 i1ivdid. •/ 
I• •I
DECL.lRE t_ptr roao; 
DEC:L.lRE ptr WORD; 
DECLARE chill' BlSED ptr BTTE CONSilNI; 
DECU!LE off11t BTTE; 
DECLlRE hex...1trillg.1rror BIT; 
upper: PROCEDU!lE( ,ucii ) BTIE; 
!•----------------------------------------------------------------------•/ �- � 
I• •I
I• .l typed proc•d11r1 which ret11r111 th 11pp1rca.u 1SCII val111 of the •/ 
I• p1111d byt1. •/ 
DECLARE aacii BYTE; 
IF C 11cii >., 'a' ) .lND ( ucii <a ':i:' ) 
IHtK RETURN ( ucii -208 ) ; 




I• h1x...1tri11g •/ 
I• � 
/• Proc1d11r1 which Ht1 hlx_panm1t1r to thl val111 of th1 hex 111U11b1r •/ 
I• in th• text 1tring. If thin lll'I 111or1 than 4 digit, or th1 digit• •/ 
I• lll'I not valid hex, hlx...1tring.•rror i1 returned 11t, •/ 
I• •I
DECL.lRE ( i, j, t1111p ) BYTE; 
/• Skip to th1 end of the hllX digitl 
i ,. O; 
DO WHILE ( 1tring{ t_ptr )<>' ' ) AIJD ( t_ptr <> 1tring.1Ad ) ; 
i ,. i + 1; 
t_ptr • t.ptr + 1; "'' 
IF(i•O)Ol.(i>4) 
/• If tbl digit 1tring i1 111111 or too 1hort, then error 
THEI hsx...1trinr.nror • 1; 
I• Conv•rt th, digit 1tri11g 
ELSE DD; 
h1x..par11nt1r • O; 
h1x...1tring_1rror " O; 
/• Conv1rt 0111 digit at a 
DO jat.ptr - i IO t.ptr 



















, .. ' '" ' 
'" 3 







tap • •tri.11r( j , ; 
IF tap > 'Cl' ) J.ND ( taip < 'G' ) 
?HEJi h•X..p,ll'iuwt•r • SHL( h1X.puiuwt•r, 4) Oil ( t.-p - 'J.' + 10 
- ); 
ELSE Ir {tap> '") J.ND ( tmp < '1') 
THEK hn..paru•ttr • SHLC hllX..p&rllHt•r, 4 ) 01 ( temp - '•' + 10 
- ); 
EI.SE IF ( tnip > 'I') J.N» ( tmp < ':') 
tHEli htx..pu ... tn * SHL( h.x_paraiuttr, 4 ) Oil ( ttlllp - '0' ) ; 
ELSE hlx...1tring.•rr<>r .. 1; 
Etro: 
, .. ,, 
/•--------------------------------------------------------------------------•! 
I• Start .11f mah. c.11d1 f.11r eo111p1rt •/ 
&111h1guo111 • 0: 
t_ptr • ttxt.ptr; 
IF ehar • O 
I• If thtn i• no eoutut 1trin1 th1D.: •I
THEI 11.ETUM O: 
ELSE IF chu < 10 






IHEII' 11.ETUB.!I' 0; 
ELSE IF char • :Z 
tm:ll IF h•x..puam1ttr > :Z66 
tHEli 11.ETV!lli O; 
ELSE DO; 
ttxt.ptr • t.ptr; 




ttxt.ptr • t_ptr: 
11.ETU!lll' 1; 
I• If tll.1 C<>utant ii a tut 1tring tll111 compar1 taeh clluacttr •/ 
offut • O: 
DO IHILE ( upp1r(chlr) • 11ppar(1tr1n1C t.ptr )) ) .l.liD ( char <> O ) 
AlfD { 1tr1n1.•nd <> t_ptr ) ; 
ptr • ptr + 1; 
o:t:tut • off11t + 1; 
t_ptr • t_ptr • 1; 
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306 • 
308 3 




31' ' '" ' '" ' 
317 3 
318 3 













3'1 3 "' 3 '" 3 
/* D•Unaine what kind of match: uniq.111, lllllbi11:uo111, Gr invd1d 
IF char " O 
TH£ll Dri; 
tlxt_ptr ,. t_ptr: 
RETtlll.N offHt; 
END; 
ELSE IF 1trin11:_111d ,. t_Jltr 
IHElf IF ( char >• 'a' ) 
THEN DD; 
E!iD; 
tlxt_ptr ,. t_ptr; 
!IE!UR!i Gffut; 
ELSE RETUJl.li O; 
ELSE IF char >• 'a' ind 1trin11:( t_ptr ) • ' ' 
TH.EN DD; 
tlxt_ptr = t_ptr; 
RETtlJl.11 off .. t; 
EHD; 
ELSE DO; 
&111hil!:IIOUI • 1; 
RE:rtra.N O; 
paru_confiru.tion: PR.CCEDUlE( ptr ) BIT; 
•I
!•--------------------------------------------------------------------------•! 
I• puH_confir:matiGn •/ 
I• •I
/• A typed proc:1d11re to wait for a c:onfiru.tion of a c�d/parUMtlr •/ 
I* Hqu.nc•. If a valid confir:matltD. ii fo1111d, thn it ret11rn1 Ht. •/ 
I• •I
DECUl!.E ptr WORD; 




I• If thin 11 ua taxt in the 1trin11:, tbn: •/ 





ELSE IF fill 
THEN DD; /* Dr pllt th 1pac• in th• 1tri:ig •/ 
CALL ur_out_byt.( ' ' ) ; 
1trin11:( 1tring_111d ) • ' '; 
1trin11:_111d • 1trin11:_111d • 1; 
REIIJlUf O; 
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ELSE R.Emtf 1; 
/• Eln if tbera 11 r-.ai11ing tn:t 
ELSE DO; 
IF fill 
I• D11n1 if co11firm1d with • er 
tHEli CJLL prillt.fiU.arror; 
ELSE IF aval11ate 
THE.If CALL pri11t.paramet1r_1yntax_arrcr; 
ELSE CALL pri11t.paruutar.hdp( ptr ) ; 
llETVRll O; 
EllD; I• ELSE DO •/ 




I• pu11.param1ter •/ 
� •I
I• A typld procld11r1 ta uarch a par&11111ter tru pointed to by ptr for •/ 
I• param1tera that u.tch array 1tri11g( ). If a vdid pau:uur ia fo1uid, •/ 
I• tha11 it retarns nt ud puameter.nlll!Ular illdicatH thl 11111.tchad •/ 
I• paruiater. •/ 
I• •I
DECLARE. ptr WOllD; 
DECLARE char BiSD> ptr BYTE CDllSTU'T; 
DECLARE fo1111d.pu ... t1r BIT; 
DECLARE pua.trH WORD; 
para.tr11 • ptr; 
I• Skip 111y hading 1pac11 
C1LL akip.apaca: 
IF text_ptr•1tri11r.111d 
I• If th1r1 ia no text in the 1trinr, then: 




CJ.LL pri11t.paruet1r.hllp( pan.tr11 ) ; 
U:TtlU O; 
ELSE IF fill 
mu DO; /• Or put th• 1pac1 ill th, 1tri11r •/ 
CALL 11 r.c11t.byt1( ' ' ) ; 
1tri11g{ 1trillp;.111d ) • ' ' ; 
1trill(.11td • 1tri11g_111d + 1; 
I.ETUU O; ""' 
ELSE IF char • O I• Or ind th, 11111 







I• Ehl 1rror 
•I
•I
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381 3 "' 3 '" 3 , .. • 
38& • 
"' • 
'" ' "' ' '" ' '" ' 
'" 4 
"' ' 
'" 4 "' 4 '" • '" 4 "' 4 
'" 4 









416 3 "' ' 
I• £111 pull th• i:--illing t1xt 
!I.SE DO; 
found_pu1JUtli:- • O; 
pu ... tei:-_n!lll.b1i:- • O; 
DO WRILE ( HO? found_p.uametei:-
.u;tch..:1nd • c=pua( ptr ) : 
IF match_1nd <> 0 
TI!EJ fo11nd_pai:-1.111at1i:- • 1: 
ELSE DO; 
11m C ch.u o o ): 
pu1.1111ter_n11111b1i:- • puueter.nvablr + i; 





CALL pdnt_fill( ptr + matcL1nd ) ; 




l'HE!f CJ.LL print_fill.,rror; 
ELSE IF evaluate 
THF.11 Cl.LL print_paraaet1r_1yntu,..uror; 
El.SE Cl.LL pr1nt_par1.1111t1r_hllp{ pua_tr11 ) ; 
RE111ll!! 0: 
EIID; /• USE DO •/ 
par1,_cC111111and: PII.OCEDUJI.E BII; 
•I
/•--------------------------------------------------------------------------•/ 
I• p.u,,_c13111!1&1'1d •/ 
� � 
/• I. typed pi:-oc1d11r1 to na.rch the �nd trn for cminanda that match •/ 
I• the ai:-ray atrin(( ) . If the cO!lllland and a valid pa.ra:met,r are found, •/ 
I• thin it nt11rna nt and c011D&Dd.nlllllb1r and paraa1t1r.nlllllb1r indicate •/ 
/• the 111t.tched cmamand and par&1111t1r, •I
I• •I
DECLARE fo11nd.c01mand BU; 
I• Slr:ip any lHdin( 1p1c11 •I
t1xt_pti:- • O; 
CALL 1kip_1p1c•; 
IF ttxt.ptr•1ti:-ing_1nd 
I• If theu 11 no taxt in the atring, then: •I






417 ' "' ' 
'" ' "' ' "' 3 "' 3 
424 3 "' 3 "' 3 
"' ' "' 3 '" 3 
430 3 





'" 3 .. , 4 
44' 4 
443 4 
444 4 "' 4 
"' • 








ELSE Ir fill 
tHEll' DO; /• Or put th• •p•c• in th• 1trinr •/ 
CJ.LL 111r_oot_byh( ' ' ) : 
1tring( 1tring_•nd ) ,. ' ' ; 
1tring_•nd " 1trhg_nd + 1; 
11.ETJJRB O; 
END; 
ELSE DO; /• Dr nd th liH 
C:.lLL IUIHg•C. ( crlt' 
0 )) ; 
1tring_111.d • O; 
11.ETtl'ltll O; 
I• ElH puH th r11111.inill.g hxt 
ELSE DO; 
found_eOIIIIIBnd ,. O; 
ec1ta1.nd_n11111.b•r " 0: 
•I
DO WHILE C lfOT f1111nd_ecmmand ) i!ID ( tr .. ( eamand_numh1r ) . e011111&nd ( 0 ) <> o ) ; 
-.tch_•nd ,. compu1( ,tr .. ( cc111M.11d_1u1mb1r ).eC111111nd( o) ); 
IF -.tcb_111d <> o 
THEH fa11nd_c-..nd • 1; 




CALL print_fill( .tr.•( comu.nd_nlllll.b•r l.eOIIIIWld( match_mnd ) ); 




THEN C:ALL print_fill_,rror; 
ELSE IF 1vduat1 
THEN CALL print_Cclllllll.lld_1ynt1X.,1rror; 
ELSE CALL print_eim1m1.11d_b1lp; 
REM!l O; 
END: 
END; /• ELSE DO •/ 
El/0 p1.ru_c1111111a11d; 
eC111111.nd_l1.y1r: PROCEDUB.E PUBLIC:; 
!•--------------------------------------------------------------------------•! 
I• cc1111111.Ad_l1.y1r •/ 
conia11d_1tat1 • 1; 
C:.lLL u1ug1(. ( crlf , 
0 )) ; 
1tring_Hd • O; 
00 WHl!.E Clllll!ll.lld_1t1.t1; 
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"' 3 CALL g1t_1tring; 
'" 3 IF par11_com:111.nd 
THEN DD; "' 5 DO CASE comand_1111..m.b1r; "' 5 CALL addreH_cOIIIIWld; '" • CALL aotobaod_cl!lllllfld; ... 5 CALL baud_cODU.11d; "' 5 CALL con111ct_co11111111d; "' 5 CALL di1co11111ct_cDlllllalld; ... 5 CALL cl. tr_cOIIIIWld : "' 5 CALL 11cap1_c._,,c1.; '" 5 CALL flow_c0111111111d; 
471 5 CALL llllp_comand; 
47, 5 CALL pai-ity_co11111111d; 
473 5 CALL r1111..m.1_cOJ1111111d; '" 5 CALL 1tato1_c01111W1d; 
475 5 CALL tilllfl_caaaand; 
470 5 CALL v1i-bo11_coaaa11d; '" 5 CALL word_cmin.u.d; 
478 5 END; 
"' 5 IF COIIIIW!d_1t1te THEN DO; '" • CALL 1111,,,,,c.c crlf, 
0 )) ; "' • 1tri11g_111d '"' O; "' • END a '" ' ""'' 
"' 3 END; 
"' 1 £IID C01111W1d_l1y1T; 
'" END cODUay; 
MODULE INFORMATION: (STATIC+DVERLATAB!.t) 
CODE SIZE • 07t!4K 181):20 
CONSTANT SIZE "' 010EH :1700 
DIRECT VARIABLE SIZE • 07H+OOH 7D• 130 
INDIRECT V.lRUBLE SIZE • OOH+OOH OD• OD 
BIT SIZE • 04H+03H ., . 3D 
BIT-ADORESS1B[.£ SIZE • OOH+OOH OD• OD 
AUlILUIT VU.I.I.BU: SIZE • 001EH 30D 
MJ.IIMUN SUCl SIZE • 0012H 18D
UGISTEl!.-BUICS} USED: 0 
748 LIIIES U.lD 
O PlOCRlM E'Jl.!.Dl(S) 
EID UF PL/M-61 COMPILUIOII' 
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IP.1.GEWICTH( 96 ) 
$tl?LE('COMCOM C�d Layn COlll!lll.nd l!.a11tiH1 Mad11lt'} 
com.cl)]R: DO; 
!•--------------------------------------------------------------------------•/ 
I• cOIIICoa •/ 
·/• •I
I• Dav• Wickliff •/ 
I• LHt Modifild: 11/27/86 •/ 
I• •I
/•----------------------------------------------------------------------•/ 
I• Ext1r:1al1 from. USJU..I.Y •/ 
DECI..lR.E awt_imap BYTE EITEIUl'AL; 
DECL.lllE 1..:I.Ul&11 BYTE EITt!ll.lL; 
DECL.ll\E 1w3_:ia&J• nn: EI'?Ell!J.L; 
ur_11t.ba11d: PRDCED?Q( d•t& ) EITEl!IJ.L; 
DECUII! data BYTE; Elfil\ 
111r.i:11tialiu: Pll.DCEIJOI\E( data ) !.XI'ERJU.L; 
DECL.lR! data BY?!:; ElfI); 
111r.i11.byh: Pll.DCEDOI\E BYTE EI:rElt!IJ.L; EliD; 
Ur_D11t.byt1: PRDCEDUIE( data ) EITEIUl'J.L; 
DECUl!.E data BUE; EllD; 
/•----------------------------------------------------------------------•/ 
/• Ext1r111l1 :frDll CDMU.T •/ 
11e11q1: PJlOCEIIUll( ptr ) !.I'?EIN.I.L; 


























I• Ext,r11al1 fr1111 IIEtLU •/ 
Hllion_uqust_op,11: Pll.DCEDUJI.£ £lTEU'U; END; 
H11io11_r1qu1t_clo": PRDCEDIJRE Eln:l!llL; END; 
DECLARE 111twork_,t1t111 STTE EITERlU.L: 
DECLARE H11io11_aeuv, '" £lTERJriL; 
I• 
DECURE total_vtlid_r,ev WORD; 
DECURE tot,l_invtlid_r,ev WORD; 
DECLARE t11t,l_,uee_tr1111 WORD; 
DECLARE totll_ntriH WORD; 
DECLARE p.ak_ntriH BYTE; 
•/ 
!•----------------------------------------------------------------------•! 
I• �1rn1ll from DLKLAY •/ 












I• Ext.rnal1 from TIMS!V •/ 
DECLARE bu.H,r_ti!Qr_rutut BYTE Elttl!U.L; 
!•-------------------------------------------�--�--------------------•! 
/• Ext,r11'11 from nt.UT •/ 
DECLARE' e11111U.nd_1t1t1 SIT ElTtRll.1.L; 
DECL.I.RE 111r_fl11w_1t1te BIT EITtRIIAL; 
DECLARE xon_xof:L'_flow_1tatl BI? EI!EllliAL; 
DECLARE v,rbo11_1tat1 BIT EITEllH.I.L; 
DECLARE 1111ic111_uc1p1_1t1tl SIT EUE!I.H.1.L: 
DECLARE dtr_c11ntrol_1t1tl BI'1' EIIEII.IIAL; 
DECL.I.R.E 111.to_baud_1hh Bl? EUEii.HAL; 
DECURE local_addr 
DECLARE r11111t,_1ddr 




For .aeh tablt, th1r1 u, a Hri11 of 10 bytl 1'i1ld1 with a null :L'hld 
at th, ,nd o1' th, tabl•. 
A i'illd co111ilt1 of dth,r: 
o, 
?ht lift j111ti1'i1d ASCII 
paddld with 11u.ll bytu. 
paru.1t1r1 } 
tut o:L' a tutud para:utlr 
{ For e�d• with tlxt11&l 




Th tirat byt. ii 1. vdU1 indic1.ting th• maxim!IDI 1!.Wllhr 01! hxdigih 
in th• paraziwt,r, 1.nd i1 p1.dclld with 11.ull byt ... { For ccmand1 with 
nwn.rie param,t•.r1 } 
•I
" 1 DECLUE par1._l.ddn11( • ) BYTE COIISTJ.Kt( 
I• '12346671190' •I
4,0,0,0,0,0,0,0,0,0, 
0 ) : 















0 ) i 
" 1 DECLARE para_connact ( • ) BYTE .COISUII( 
I• '1:Z34Sll7890' •I
4 ,o, 0, 0 ,0, O ,0, 0,0 ,0, 
0 ) ; 
" 1 DECLJ.!lE p1.r1._di1conn1ct( • ) BYTE CONST.l!IT( 
I• '1:134667890' •I
0 ) ; 
" 1 DECLARE par1._dtr( • ) BYTE CONSTANT( 
I• '1:1345678110' •I
'Ell.I.bl•' 0,0,0,0, 
'DiHbl•' 0 ,0 ,0, 
0 ) ; 
" 1 DECLARE par1._1.1e1.p•( •) BYTE CONStilt( 
I• ' 1:134687890' •I
'Dh1.bl1' , 0,0,0, 
4,0,0,0,0,0,0,0,0,0, 
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" 1 DECLUE para_help( • ) BYTE COUSUllI( 
I• '1234687890' •I
0 ); 





0 ) : 
51 1 DECLARE para_rHUM( • ) BYTE CONST!lfI ( 
I• '1:!34667890' •I 
0 ); 
" 1 DECLUE para_,tatu( • ) BTIE CONSIJNI( 
I• '12346678iO' •I 
0 ); 
" 1 DECLARE para_tiu( • ) BYTE COKSI.tUI( 
I• '1234667890' •I 
2,0,0,o,o,o,o,o,o,o, 
0 ); 
.. 1 DECLARE para_verboH( • ) BYTE COllSU!II( 
I• '1234687890' •I 
'Enable' 0,0,0,0, 
'Di,able' 0,0,0, 
0 ) ; 
" 1 DECLUE p1.r1._woi-d( • ) BYTE COliSI.tliI( 




I• CCl!III.D.d table •I
" 1 DECLW ti-.,( 17 ) snucIOB.E( 
COIIID.al'ld ( 11 ) BUE, 
pan_ptr -
) PUBLIC CONST.I.BI( 
I• '1:.134587890' •I
'ADdr111' 0,0,0,0, .p1.ra_addr.11, 
'.tUtob1.11d' o.o,o, . p1.r1._utob1.od, 
'B1111d' o,o,o,o,o,o,o, . para_band, 
'Conn1ct' 0,0,0,0, , p1.ra..conuct, 
'DI,conn,ct', o, .p1.ra..di1.conn,Ct, 
'Dir' 0,0,0,0,0,0,0,0, .pua_4tr, 
'E1cap1' o,o,o,o,o, .pu1_11c1.p,, 
'Flow' o,o,o,o,o,o,o, .pua_:tlow, 
'H1lp' o,o,o,o.o,o.o, .pua_help, 
'Parity' 0,0,0,0,0, .pua_puity, 
'R,1111111' 0,0,0,0,0, .pU'l._l'HlllU, 
'St1.t111' o,o,o,o,o, .par1._1t1.h.1, 
'fialaoot' 0,0,0,0, .pua_tiu, 
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0 ) ; 
crlf LITEIU.LLT 
bill LITERALLY " LIIEBJ.LLT 








d:l.1pl1.y.hox: PROCEDURE( data ) PUBLIC; 
.p1.r1..verbo11, 
.pua_word, 
I• Carriap Return, 
I• Bell 









I• di1pl1.y_hex •/ 
/• •I
/• Procldun to print two ehanc:t,n reprHlnting th1 val11e in hoxad1.c:imal •/ 
I• of th1 p1.111d byte. •/ 
DECLARE (d1.t1., tep) BTTE; 
top " SHR.(data,4); 
IF hmp > 9 ?REH CALL 111r.out_byte(tap + 'A' - 10); 
ELSE CI..LL 111r_out.byte(temp + '0'); 
tap• data AUD OFH; 
IF t1t111p > II THER CJ.LL 111r_out_byt•(tcp + 'J.' - 10); 
ELSE CJ.LL u1r_o11t.byt1(temp + 'O'); 
EUil dilplay_bex; 
1.ddrH1.c:-11d: P!DCEDtlRE PUBLIC; 
/•--------------------------------------------------------------------------•/ 
I• 1ddr•11_c-nd •/ 
I• •I
IF 1111:l.on.1.ctiv, 
TIIE!r CJ.LL IIIHHI•(. ( crlf, 'J', bill, 'Error - Cut not c:buge local l.ddnH', 
' during 1.11 1.ctiv1. Huion', c:rl:l', 0 )); 
ELSE locd_addr "' b1x:..par1.1Httr; 
END 1.ddu11_cOIID&!ld; 
1.utob,11d.cmm1&11d: PROCEDURE PUBLIC; 
!•----------------------------------------------· ---------------------------•! 
I• 1.11tob1.11d.cmra&nd •/ 
I• •I
IF pn1.111eter _11Ullber • 0 
TREii 1.Uto.baud_1t1.t1 • 1: 
ELSE auto.bnd_1tete • O; 
END 1.11tob1ud_C011111&nd; 
b&ud_cOIIIU.nd: PROCIIDIIRE PUBLIC; 
/•--------------------------------------------------------------------------•/ 
/• b1.11d.comiand •/ 
I• •I
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.. 3 .. ' 













CJ.LL tilu( 266 ) ; 
CALL time( 266 ) ; 
CALL tilu( -266 ) ; 
CALL t1M( 265 ) : 
CALL u1r_Ht_ba11d( 1w1_11u.g• ) ; 
END baud_c:omud; 
c:onn•c:t_c:Cl!llll&Jld: PB.OCEDUJlE Ptr:IILIC; 
!•--------------------------------------------------------------------------•/ 
I• c:cnn,c:t.c:OllllWld •/ 
I• •I
CALL 1111ion_r,q1111t.op1n; 
DO WHILE (n1twork_1t1tu 0) ARO (d&tl.lbk.1tat111 • 0) ; EH'D; 
c:omud.1tltl • O; 
ElfD c:011n1ct_cOlllll&lld; 
di1c:on111c:t.co-,i.d: PB.OCEDUJlE PUBLIC; 
/•--------------------------------------------------------------------------•/ 
I• di1co11111ct.c�d •/ 
� •I
IF 1111ion.activ1 THEN CALL HHion.r1q1;111t_cloH; 
EIID di1co11n1ct.c:Ofll'll&nd; 
dtr.c:OllllllUd: PROCEDURE PUBLIC; 
,�--------------------------------------------------------------------------•/ 
I• dtr_cOIIQ&nd •/ 
� •I 
IF par1UU1t1r_ntllllb1r • 0
?HER dtr.control_1t1t• •
ELSZ dtr.c:ontrol.1tat1 • "
'" dtr _c:OJ11111.nd ; 



















































Q )) ; 
,tatu_e-nd; PllOCEDU!tE PUBLIC; 
!•--------------------------------------------------------------------------•! 
I• ,tat11._eC1E1Kt1d •/ 
I• •! 
dhplay_,tatl; PROCEDU!tE( 1t&tl ) ; 
!•----------------------------------------------------------------------•! 
I• di•play_1tat1 •/ 
I• •I
DECLJ.llE 1tat1 BIT: 
IF 1tah 
IIIEN CJ.LL m.11Hg1(. 'Enablld', 0 )); 
ELSE CJ.LL 1111111.g, (. 'Diu.blld' , 0 ) ) ; 
END di1plly_1tat1.; 
dhplay_l>aud: PROC.ED!JRE.( :rah ) ; 
!•----------------------------------------------------------------------•/ 
I• di1play_baud •/ 
I• •I
DECLJ.RE :ratl BYTE: 
CALL muns•( .pa:r.11.ba11d( 10 • ratl) ); 
END di1play_ba11d; 
CALL IIIUHga(.( crlt, e:rlt, ' llod.1 Statu1 -• e:rU, 
Loe.al llod.1 Add:t1H • ', 0 )) ; 
CJ.LL di1play.hax( HIGH( loeal.addr} ); 
CALL di1play_ll1x( LOW( loeal_addr ) ) ; 
CALL 1111u&ga(. ( erlf, 
Autobaud Modi 0 )) : 
CALL di1play_1t&te( a11to_b1.11d_1tate j; 
C.lLL m.11a&g1(.( erlf, 
Baud Ra.ti - ' o ));
CALL di1play_bud( ( JIOT awi_iu.g1) .I.HD OTB ) i 
C.I.LL ma111.g1(. ( crlf, 
DIR Control O )) ; 
C.I.LL di1play_1tat1 ( dtr.eontrol_1tat1 ) ; 
CJ.LL IIIHl4g1(.( erlf, 
Connaet £1capa O )) ; 
C.lt.L di1phy_1u.t1( u11ian_Hc&p1_at&t1 ) ; 
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flow_clll!tll&lld: PROCE!11J1£ PUBLIC: 
/•--------------------------------------------------------------------------•/ 
I• floW.CDlllllll.lld •/ 
I• •I
IF pu ... ter.nllllb•r • 0 
THEN DD; 
Elli); 
xan.xoff.flow.,tat• • 1; 
ur.flow.•t•h " 1: 
ELSE IF pu ... t1r.in1.111.b•r .. 1 
THtH DO; 
END: 
xon.nff.flow.•t•te • O; 
n,r_flint_,tat• • 1: 
ELSE unJlow.1t1t• ,. O; 
holp.cOIIDl.lld: PROCEDURE PUBLIC; 
/•--------------------------------------------------------------------------•/ 
I• holp.co-...nd •/ 
I• •I
CALL print.co111111&11d; 
C.I.LL mou1ge(,( crlf, 0 )); 
END blp.OODll&Ad; 
pu:l.ty.coaw:id: PROCEDURE PUBLIC; 
/•--------------------------------------------------------------------------•/ 
/• p1rity_c0lllllllnd •/ 
I• •I
IF par1.m1ter.111LD1b1r • 0 
THEN 1w1.imago • 1wl.imag1 OR 18ff; 
ELSE IF p1.rU11ter.numb1r • 1 
THEN 1w1.imago • ( Hi.imago .I.ND OE7H ) OR OSK; 
ELSE nLi-.1• • lw1.illlago !!ID OE'lH; 
CUL timti( 21ili ) ; 
CJ.LL t•C 266 ) ; 
CALL tine( 251i ); 
CALL t imo ( 266 ) ; 
EID parity_c=-u,d; 
rH111U.C011111&nd: PROCEDURE PUBLIC; 
/•--------------------------------------------------------------------------•/ 
































CALLIUIHJl(.C crlf, O)); 
c�d-•t•te • o; 
1te1a11_cosnud: PAOCEIHIBE PIJ!ILIC; 
!•-------------�-----------------------------------------------------------•! 
I• 1tat111_cD111D1,.D.d •I 
� •I 
dhplay_1tate; PROCEDURE( st•te ) ; 
!•----------------------------------------------------------------------•/ 
I• dilplay_1tat1 •I 
� •I 
DECUllE 1t•te BI!; 
IF 1tate 
T!Wl CALL me11&g1(,( 'En1bled', 0 ))1 
ELSE C.lLL m1111g1(,( 'Diublld', 0 ))1 
dilplay_baud: PllOC:£DllltEC rate ) ; 
!•----------------------------------------------------------------------•/ 
I• di1play_b111d •I 
I• •I 
D!.C:Lil.E rate BYTE·, 
C.lLL MHage( ,para.bud( 10 • r.te) ); 
C:.lLL IIIHl&gl(,( c:rlf, crlt, ' Hod1 Stetu 
Local Hod• Addr111 - ', 0 )) ; 
CALL di1pl1y_h1x( HIGH( local_add:r) ); 
CALL dhplay.hex( LOW( local.add: ) ) ; 
CALL m.11ag1(. ( c:lt, 
htobaud Mod, , O ) ) ; 
CALL di1play_1tat1( a11to_b1.11d.1t1.t1 ); 
CALL mH1&p(.( crlt, 
Baud !a.te - ' O )) ; 
CJ.LL d11play_ba11d( ( NOT ,1r1_D.1.g,) .UfD om } ;
CALL 111111&.ga{.( crlf, 
Dtl.Cont:ol - ', O)); 
C.lLL di1play.ate.t1C dt:_control_1tat1 ) ; 
CALL meHlge{,( crlt, 
Connect £1cap1 , 0 }); 
CJ.LL dilplay_1tate( 1e11io11.11c1.pe_1tate ) ; 
133 
crlt, 






























CALL .. ,11.11(.( 
CALL d11plly_lllx( 
CALL di•play.hex( 
CALL 111,111ag1(,( crlf, 
Flow Control 
IF 11ar_tlow.1tat1 
0 )) ; 
BIOB( 1111io11_11c1p1_11qu111c1 
LOW( 1111ion_11cap,1_1eqa.1nc1 
- ' 0 )) ; 
THEii IF xo11..xoi'i'Jbw_1tat1 
THEii CALL lllHH(I(,( 'l01i/IOFF', 0 )); 
£LS£ C.i.LL 1111111g1(.( 'ltS-232'·, 0 )): 
ELSE CALL 111111ag1(.( 'Ditablld', 0 )); 
CALL 1U11ag1(.( crli', 
Parity - ' o )); 
IF ( awLima11 AUD OSH ) o O 
THEN IF ( awl_imag:1 AND 10H ) <> 0 
THE5' CALLa111q1C.C 'Odd', o )): 
ELS£ CALL 1111111.g,(.( 'Ev111.', 0 )); 
ELSE CALL IIHH(I(. ( 'Dilablld', 0 )) : 
CALL .. ,11.11(.( crli', 
B111'1'1r '!11Ho11t - ' 0 ) ) ; 
CALL dhplay_h,x( b111'f1r_tuur_r11tart ); 
CALL .. ,11g1(.( crli', 
Verbo11 Mod, • ' 0 ) ) ; 
CALL ditplay_1tate( v1rbu1_1tat1 ); 
CALL 1111aag1{,( crli', 
Word L1n(th - ' 0 )) ; 
IF ( aw1_11!11g1 J.110 20B ) <> 0 
THEil' CALL 11111H11C.( '7 bit', O )); 
ELSE CALL 1111111.g,(.{ •a bit', o )); 
CALL 1111Hg1(.( crli', 
Curr,nt s,,,1011 O ));
Ir ••••ion_act1v1 
THEii' DO; 
) ) ; 
) ) ; 
CALL .. ,ug1(. C '.lctiv• with r-te noel, 
CALL dilplay_lllx( RICH( r1111at1_ad.dr ) ) ; 
C.lLL dhplay_hex( LOI( r1.1111t1_addr ) ) ; 
0 )); 
Elil)a 
ELSE CALL au11ag1(. ( 'No IHlion activa', O )) ; 
CALLIIIH&(IC.( crli', 0 )); 
tiU_cOlllalld: PI.OCEDUlE PUBLIC; 
!•--------------------------------------------------------------------------•/ 
I• tiln_c-,,,,1 •/ 
� •I
134 
PL/M-61 CO!,G'ILER COMCOM Command Layer Commend Routinn Module 
210 2 
"' END t111111_commend; 
vnboH_commend: PII.OC!::DtJR.E PUBLIC; 
/•--------------------------------------------------------------------------•/ 






IF puazHter_nu.m.ber • 0 
THEN v.rboH_1tata ., 1; 
ELSE verbr>n_at•ta • O; 
'END varbo11_commend; 
word_cOlllllll.nd: PROC!::DlJR.E PUBLIC; 
/•--------------------------------------------------------------------------·! 
I• word_command •/ 
'" ' 
'" ' 





IF perameter_nu.m.b,r ,. 0 
THEN 1w1_i111&g• IW1_1meg, AIID ODFH; 
ELSE 1w1_:im.g• • 1w1_illl&g, OIL 20H; 
CALL tim•C "' ) ' I• Allow tim• tor chtnctara to 1.av, th• INS s:zso •/ 
CALL ti111•( 265 ) ; 
CJ.LL time( :ZSS ) '
CALL time( :Z66 ) ; 
CJ.LL un_initialin( 1wl_imeg1 ) ; 
El!D word_cosr.u.c!; 
"' comcCIII; 
MODULE IIIFORMAIIOR: (STATIC+OVERLJ.YJ.BLE) 
CODE SIZE ,. O:ZF1H 763D 
CONSTANT SIZE • 0403H 10:Z7D 
DIRECT V.lR.IJ.BLE SIZE • OOH+O:ZH DD• "
INDIRECT VARIABLE SIZE OOH+OOH DD• DD
BIT SIZE • OOH+01H DD• 1D
BIT-ADDRESSJ.Bt..E SIZE • OOH+OOH DD• DD 
AUXILU.11.T VJ.RU.St.£ SIZE "'OOOOH DD 
MJ.XINUM suer SIZE "' 0004H " 
RECISn:&-B.llfl(S) OSEll: D 
6:Z4 LIHF.S REJ.D 
O Pl!.OCRiM EIU!.OR(S) 




Network Layer Module 
PL/M-61 COMPILEa liEILiT 11',twcrk: Lay1r Moduh 
ISIS-I! PL/IH;l VL 1 
COMPILER rnvou:o BY: Pt.MS1 :F8:NEIL4Y.JNK 
.P.lCDIDIH( gs 
l?ITLE{'IIEIUY Net•crlr: Lt.y1r Maduh') 
$REGIS?EB.BJ.NK( 1 ) 
1 1 netlay: DD; 
!•--------------------------------------------------------------------------•/ 
/• netlay •/ ,. � 
/* D&VI Wickliff •/ 




!• �ura1.l1 frc:m TRL.lT •/ 
S 1 DECURE lGc:al..&ddr WORD EXTEIUl'AL: 





BIT AI{ i8R) REGISTER.; 
/•----------------------------------------------------------------------•/ 
/• £xt1rnd1 :t'ro:m. DLICUT •/ 
DECLARE d&ta.link.1tatu BYTE EITtll.11.&L: 
DECLARE pack1t.tru1_wlit BIT Ell'EIUfAL; 
d&ta_initi&li11: PllOCEDUR.E E:XtEllliAL USING O; END; 
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" 1 " 




















/• External• :trom ID!SII.V •/ 
tilur.initialbe: PI.DCEI>OU: EUERIIJ.L USIIIC O; EliD; 
I• timu variabha and ra1tart valuu 
DECLJ.RE watcb.,h&-tUller BTtE ElttA!iAL; 
DECLARE watch.doc.timer.natart LI?EII.J.LLT '080H'; 
I•--, ------------------------------------------------------------------•!
/• Local Daclarationl •/ 


























I• Pc•tion of th• Uow 
DECLARE ack.flow.t'ield 
control filld ill. an aclmowladgmunt 
'000001008'; 
DECL.lllE 1111.X.,retry.count 


























































PL/M-51 COI-IPILER IIETL.lT 111twork L1y1r Modlll• 
" 1 
" 1 
DECLARE r1c:v_pkt_qu1_full BI!; 
DECL.IJlE r1c:v_plet_q111_1111pty BIT PUBLIC; 





















DECLARE r1cv_pkt_que_low_threabold LITE!.ALLT '0:IH': 






























































= I• Error/Statu 11t1111g11 :tor UETLJ.Y 














" " .. " 
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1 • DECLARE 1rr,;,r_ratry_1111g LITEII.J.LL T 






•''Watch dog t11111 1111t, Bo ruponu fro.a 
DECLARE 1tat_1111i11n_via_r1210t1 
/•DECLARE 1tat_Hlli11n_vi1_r1111.11t1.JUg 
'• 'S1ui11n 11t1bli1hed vi& r11110t1.''' ;•/ 
LlrEIULLT 
LITEl.lLlY 





















'' 'S111ion 11tabli1hld vi& l11c&l.''': 
DECLARE 1tat_r1111at1_b111y 
DECLARE 1tat_rH111tl_b111y_1111,g 
'' 'Rfflgt1 11 buay.' ''; 
DECLARE 1tat_r1111gt1_n11t_availabl1 
DECLAli..E 1tat_rui11t1_1111t_availabh..mg 
'' 'RH111te ii not availabh. '' '; 
DECLARE 1tat_cl=••-via_local 
DECLARE 1t1t_clo11_via_l11cal..)lll;g 
'''S11111111 clo11d via lccal.'''; 
DECLARE 1tat_clc11_v11_r111111t1 
DECL.lR.E 1tat_clg11_vi1_r111111t1,.msg 
'' 'S1uion cloHd Via ruict1.'''; 
'" I• Error/Statua m1111g11 for DLKLAY 
1 DECLARE 1rrcr_b1ckoff 












'' 'Bacltoff retry 1:x:c11d1d.''': 
72 1 " DECLARE 1rror_jU1111d LITEl!.ALLT 
LITER.lLLT 73 1 "' DECLARE 1rrcr_j11111111d_1111g 
"' '' '!11twork j111E11d.'''; 
74 1 DECU.RE arror_ddlr 
76 1 DECLARE 1rror_dlf1r_msg 
" 





























/• TUAI q111111 flow control 1t1te variable " 1 
B4 ' 
DECLARE tran1_flow_co11trol BIT: 















I• q111_in1tialiu •/ 
I• Prgcid11n to initilliu both th• d•t• tran1mit q111111 and th, data "-/ 
I• nce1v1 ctnu•, 11 w•ll •• thl control packet tranud.t 'qu1ue'. •I
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" ' " ' " ' .. ' .. ' " ' 
" ' " ' " ' .. ' " ' " ' 





































• . tran1_dat1_pkt_bd' ( 






= ,r1cv_d1ta_pkt_buf( " 
1· 
r1qu11t_op1n_1,11ion O; 




0 ) ; 
1 ) .bta_longth; 
) .data_llngth; 
) ;
qu1_initialit1_local: PROC£DUR£ IIIDIR..ECTLT_CALL.ll!LE; 
/•---------------------------------------------------------------------------•! 
I• qu._initialiu_local •/ 
/• Proc1dun to initi&liz1 both tha data tra!llmit q111u1 and th, d1t1 •/ 
I• r1cliv1 qu1us, 11 wdl II th, control pack1t ti-an1mit 'qusua'. •I























0 ) ; 
1 ) .data_bngth; 
" .r,cv_data_pkt_bufC O ).data.llngth; 








nat.initi1liz1: PROCEDIJRE PUBLIC USill'C O; 
!•---------------------------------------------------------------------------•! 
/• n1t_initi1li:1 •/ 































' ' ' ' 
2 


























I• Initializ, th, Data Link L1y1r 
/• Initialin th tilur 11rv1r 














!• 1111ion_r1quut_op1n •/ 
/• Proc1dur1 to i11itiat1 1 r1q1111t for • Huion. •/ 
� � 
I• Build a Opn. S111io11 packat and 11nd 
co11trol_op1n_pkt_buf.d11tin1tion_1ddr111 • remot,_addr; 
contrcl_op111_pltt_but.1ourc1_addr111 "local_addr; 
control_op1n_pkt_b11f.ccntrol z control_op1n_11111on; 
control_op1n_pkt_b11f.data.l1ngth = O: 
r1q1111t_op1n_1•11ion 1; 
IF p1ck1t_tr1n1_wait /• R11tart tr1n1mitt1r if 1tcpp1d. 
THEN EX1 " 1 ; 




/• 1111ion_r1qu11t_clo11 •/ 
/$ Proc1dura to 1n:ltiata I raquut fer 1111ion tarmination. "' 
� � 
J,• Build • clo11 S1111on p1ck1t and 11nd 
control_clo11_pkt.but.d11tin1tion.1ddr111 � rlll!!ot,_addr; 
control.clo11.pkt.but.1011rc1_1ddr111 � loc1l.1ddr; 
control_clo11.pkt_buf.control • control.clc11.1111ion; 
control.clo11_pkt_b11.t .d1ta_llngth '* O; 
r1q1111t_clo11_1111io11 "' 1: 
IF p1tk,t_tnn1_wait /• ltntart tu.118llithr if 1topptd, 
THEN Ell • 1; 
END 1111ion_r1q1111t_clo11; 










































Proc1dur1 to ,tart 1. Hnion. 
r•cv.11q111nc1 • O; 
tr1.n1_11qut11c1 • O; 
CALL qu1_initi1.li11.loc1.l; 
r1cv_1'low.eontrol "' O; 
tran1_1'low.eontrol " 0; 
1111ion_1ctiv1 1; 
u1r_1t1.t111.hd ,. 1; 
EllD 1111ion_op1n; 
I• Init th• nedv1 1.11d tn.n1mit qu1uu 





/• 1111ion.clo,1 •/ 
!"- Proc1dur1 to ind a union. •/ 
� � 
1111ion_1.ctiv1 = O; 
u1r_1tat111.hd "' O; 
END 1111ion_clo11; 
w1.tch_dog.urv: P!i.OCEDURE INDIRECTLT_C.lLLABU: PUllLIC; 
!•---------------------------------------------------------------------------•/ 
/"- w1.tch.dog_11rv 
I• Procld11n to urvic• 1. watch dog tim1011t. 




Cdhd by Tiz1r O illt1rrupt •/ 
•I
!• Build and und I Watch.Dog p1ck1t •/ 
END; 
control.w1tcb.dog.pkt.bu1'.d11tination.1.ddr111 • r1111Dt1.1.ddr; 
cootrol_w1.tch.dog.pkt.bu�.1ourc1_1ddr111 • local_addr; 
control.watch.dog_pkt.bu1'.control • control.w1tch.dog: 
control.w1tch.dog_pkt_bu1'.d1ta.l1ngth z O; 
nqu11t_watcb.dog .. 1; 
IF p1.ck1t.tr1111.w1it 
THEN Ell ,. 1: 
END w1tch_dog.11rv; 
tran1_pkt_qu1.111.,;,ut: PllOCE!lllRE Pt11lLIC lJSI!iG O; 
/•---------------------------------------------------------------------------•! 
I• tr1.n1.pkt.qu1.1nqu1 •/ 
/• Procldun to 1nqu1u1 th• 1. data block onto th• nit tr1.n1mit qu1u1. •/ 
I• On :.turn tr1.n1.pkt.qu1.in point, to 1. 1'n1 bloc:k to ba uud on th• 111xt•/ 
I• 1n,;,u1U1. •/ 
IF tr1.n1.pkt_qu1.1'ull 
/• J1' tlll q111U1 i• 1'1111 whln callld, tl\111 do nothing; data i• 10,t. •/ 









































.lUD OJH Ldata_llngth; 
/• If th• q11•u ii not fllll than: •I
ELSE DO; 
I• Encapnht. dat• block ( hild pacbt ) . •I
tran1_data_pkt.h11f( tran1.pkt_q11•.hHd ) .d .. tin&tion.tddrH1 "' r.niot•-•ddr; 
tnn1_dat&_pkt_buf ( tran1_pkt.q111._h11.d ) .1c11rc1_&ddn11 "' loc&l_addr: 
tnn1_d1.t&_pkt_b11f( tra.n1_pkt_q111_h•&d ) . control "' control_data OR. tr1.n1_11q11 
·•nc1; 
tran1_uqunc1 "' ( tr1.n1.1tq111nc• + 1 ) AND 0311; 
I• Enqu111• th1 p1.ck1t, 
DISABLE; 
tr1.111_p kt_qu_11npty = O; 
tran1_pkt_qu1_head "'. ( tun1_pkt_qu_h11.d + 1 ) .ll/D OJH; 
•I
tran1_pkt_q111.1n = . tr.n1_d1.ta_pkt_b11f( tu.n1_pkt_q11&_hlad ) .data_llngth; 
IF CC tran1_pkt_que_hu.d + 1) APO 0311) • tran1_pkt_que_ta.il 
THEN tra.n1_pkt_q111_f11ll = 1: 
I• Initi•h packlt tran1111iuion, if it hH 1topp•d 
IF p1cket_tran1_wa.it AUD NOT tran1_flcw_ccntrol 




trau_pkt_qu•_deqH: PROCEDUU BIT IUOIRECTLT_CALUBU: PUBLIC: 
•I
/•---------------------------------------------------------------------------•! 
I• tran1.pkt.q111._d1qu. •/ 
I• fyp•d prccedun to deq11111e a packlt fre11. thl net tranam.it q111u,. \llh1n •/ 
I• c&lbd r•cv_&ck 1hodd contain thl 1cknownhdgcn•nt of the lut packlt •/ 
/• d1q11&11d, if applicabll. th• procedura return1 11.t, if packet availabll•/ 
/• and tran1_pkt_q111_011t poillh tc the pack1t j111t dequ111d. Otharwi11., it•/ 
/• nturna nHt, indicating no packet, availabla and the tranalllithr •/ 
I• 1hould ahut down. •/ 
DECLARE ntry BIT; 
DECL.1.11.E error Bit; 
I• If than h a error frDl!I thl data link lay.r, thin elo11 Hnion 
IF d1.ta.link.1tatu <> 0 
THEil 1rror " 1; 
I• If thin h a p•nding acknowlldg1J111nt, 1v&lnatR it: 
I• Ev&luah &cknowladge.1nt for data pack&t. 
ELSE IF pending.data 
Tl!Ell DO; 
IF ( ncv_ack AUD l/0! 1.ck.flow_field ) ,. 
tr1.n1.d1.ta_pkt_buf( tr1.n1_pkt_qu1.t1.il).control 
!HEU DO; 
IF (ncv_ack .lND ack_Uow.fhld) <> o 
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END; 
NETLU li•twork Lay1r Moduh 
p1nding_data " O; 
error ., D; 
l:'atry ,. D; 
ntry_c:ount " O; 
w1.tc:h_dog_ti1111r "' watch_dog_tim1r_rHtart; 
Em); 
ELSE IF r1try_c:ount < max..ntry_c:ount 
THEii DO; /• Jl.atraulllit thl pack•t. 
ratry_count "' ntry_count -t 1; 
ntry ,. 1; 





natwork_1t1.tu1 ,. 1rror_ntry; 
1rror = 1: 
f* Evduate •c:.kn.owlodgui1nt fot flow co11trol pac:klt. 
ELSE IF panding_flow_off 
THtN DO; 
Et!D; 
lF l'&c:v_ack ) "' ack_ok 
THEN DO; 
END; 
rac:v_flow_c:ontrol " 0; 
p1nding_flow_off "' O; 
arror • O; 
ntry • O; 
ntry_c:ount "' O; 
vatch_dog_ tililu 11'&tch_dog_ ti111.1r _rut.rt; 
ELSE IF ratry_count < max..ntry_count 
THEN DO; /• Retr..n1mit thl pacbt. 
ENO; 
retry_c:ount "' ntry_c:ount + 1; 
ntry = 1; 
ELSE DO; 
END; 
panding_flow_otf " O; 
n•t11rork_,tatu1 " nror_r1try; 
•rror " 1;
I* Evalu1t• ack11owhdge.111t :tor op1n HUion control plcklt. 
ELst IF p1ndi11g_op111_1111ion 
!HEii DO;
IF ( r•cv_ack ) " 1ck_ok 
!HEN DO; 
plndin1_op111_1111ion O• 
1rror • D; 
r.try • O; 
r1try_co1111t " 0; 
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!IETL.lf N1twork Laytr Moduh 
w1.tch_d or_ti1Hr • watc:h_dog_tilur_rHhrt; 
EllD; 
ELSE IF ncv_aclc • nack_b111y 
THEN DO; 
p1n,Ung_C1p.n_,,u1on .. Cl; 
error ,. 1: 
111twork_1t1tU1 " 1t1.t_rfll0t1_buy; 
E.liD; 
ELSE IF r1cv_1ck • n1.ck_not_1v1.il1.bh 
THEN DO: 
END; 
psn.dinp;_op1n_1111ion " O; 
orror ,. 1: 
n.tworlc_1t1tU1 = 1tat_r1moU..not..1.v1ihbl1;
ELSE IF ntry_count c ma:r:_nt:ry_count 
THEN DO; /• R1tran1mit th pac:t.t. 
E!lD; 
r1try_c:011nt = ntry_count + 1: 
ntry " 1; 
ELSE DO; 
END; 
p1nding_op111._1111io11 = O; 
n1twork_1t1t111 = 1rror_r1try: 
1rror " 1; 
I• Evl.1111.t. 1.cla!owbdgq1nt for clon uuion control packet. 
ELSE IF p.ndi11g_elo11_HHioD 
THEil DO; 
EIID; 




trror • 1; /• Send no mor, packetl and c:1011 &Hlion. 
retry " O; 
rotry_count " O; 
n.twark_1t&tu1 " 1t.t_clou_vi1_loc&l;
w&tch_dog_timer " W&teh_dog_tilhr_r .. t&rt;
ELSE IF r1t:ry_eount < max_retry_eount 
tHE!I DO; /* Retn.111?!dt th1 paeket. 
retry_cuunt • retry_cuunt + 1; 




p111ding_elou_uuion " O; 
n1twork_1t&t111 ,. 1rror_retry: 
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360 3 "' 3 
NEILJ.Y UetwG:k Layer Module 
/• Evaluate •c:knowledge1111nt for watch dog control p•ckmt. 
ELSE IF p1ndillg_w1.tch_dog 
?HI.Ii DO; 
E!ID; 
IF nc:v_ack ) "' 1.ck_ok 
THEN DO; 
pending_watclul.og " 0; 
•rrol:' " O; 
r.try " O; 
ntry_count • O: 
w1tcb_dog_ti1111r • w1.tc:h_dog_tU111r_rHtatt; 
END: 
ELSE IF ratry_count < max..r1try_count 
THE!i DO: /• Retunm.it the p1.ck1t. 
El!D; 
ratry_c:ount " retry_coont • 1; 
ntry = 1; 
ELSE DO; 
p1nding_w11.tch_dog " O; 
1r:ror "' 1; 




r,try_count ., O; 
1:rror • O· 
ntry " O; 
IF error 





I• Elu, daqua111 th• nltXt pacbt 
ELSE IF r.try 
THEN RETUIU. 1; 
ELSE IF raqu .. t_opan_uuion 
THE.If DO: 
r1quut_open_1111ion " 0; 
tr&n1_pkt_qu._011t '" . c:ontrol_op1n_pkt_b11f; 
p1nding_optn_Hllion = 1; 
RETURN 1; 
ELSE IF r,qu11t_c:lo11_1111ion 
THE1l DO: 
r1q1111t_c:lo11_1111ion • O; 
tn.n1_pkt_q111_011t " . c:ontrol_c:lo1 1_pkt_b11f; 
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ELSE IF r1q111,t_flgw_off 
TI!EH DD: 
r1q1111t_flow_off = O; 
tr1n1_pkt_qu1_out " . control_flow_off_pkt_buf: 
pending_flow_off " 1; 
11.EIURN 1: 
E!ID; 







ELSE IF tran,_flcw_ccntrcl 
!HEH R.E:JURII O: 
ELSE DD; 
o, 
. can trol_wat ch _d og_pkt_buf : 
1, 
r1try "' NCI tran1_pkt_qu1_1mpty; 
pend.ing_data "' retry; 
d1qu1; DD; 
I*------ . -----·---------------------------------------------------------•I �- � 
Ir tr1n1_pkt_qu1.empty 
I* If the queue i1 empty en clll, thin do nothing; return null painte:r. •I 
IHE.H tr1n1_plct.qu..011t " O; 
I• If th1 q111111 is not 1:mpty, thin d1qu.u1 1 pat:ket. 
ELSE DO; 
t:ran1.pkt_qn1.full = 0; 
tran._pkt_qu,_h,il "' ( tran,_pkt_qu._tail + 1 ) Al1D 03H; 
tran1.pkt_qu1_out ., . tra111_data_pkt.b11f ( tran1.pkt.qU1_tail ) : 
IF (( tran1.pkt_qU1_tail .. 1) J.!ID 03H) ., t:r1.11.1.pkt_qu1Ji11.d 





r1cv_pkt.q111.1nqu1; PROCEDURE BU' IHDIRECILT.CALUBLE PUBLIC; 
•I
!•---------------------------------------------------------------------------•! 
/• r1cv.pkt.qu1.1nqu1 •/ 
I• Iypad proc1d11r1 to 1nq111111 the cur:rent pack1t 011 to th• nit reclive •/ 
I• queue. On return recv_pkt_que_in point. to a free p1ck1t to be u11d on •/ 
I• the nn;t 111qU1. The pl:'0C1d11n ntur111 11t if thl uclivad pack1t i• to •/ 


























































DECLUE ok BIT; 
/• Evaluate th• packat 
ok = O; 
•I
IF tran1_1,elc ., co11trol_d1.ta 
IHEN DO; 
IF 1a1aion_activa 
THEN IF ru:v_data_pkt_but( r1ev_pkt_qu1_h1&d ).dutination_l.ddnu "'local_11.ddr 
THEN IF recv_dat1._pkt_but( r1cv_pkt_q111_h1d ).1011rc1_1.ddru1 = r11Qota.addr 





I• mnqu1 •/ 
IF r1cv_pkt_qu1.f11ll 
I* If th• q111u1 h full whln callld, thin do nothing; data i• lo1t. •/ 
THEil DO; 
recv_pkt_qu,.in = .racv_dat4.pkt_buf{( r1cv_pkt.qU1_hud - 1 
AUD 07H ) ; 
ok "' o; 
E!lD; 
I• It th• qu,u b not full thin: 
ELSE DO; 
r1cv.pkt_qu..111npty = O; 
recv_pkt_qu._hed = { racv_pkt_qu,_hel;d + 1 ) AIID 07H; 
:recv_pkt_que_il'I. • .racv_d,t,_pkt_buf( :recv_pkt_q11,_h11.d ) ; 
E!ID; 
IF (( ncv_pkt_qu._hn.d + 1) AND 07H) "' ncv_pkt_qu._tail 
IHEN ncv_pkt_qu._full " 1; 
EKD; 
tran._ack = :r1cv_uqu,11c1; 
IF ,r,cv_pkt_qu,_full 
IHEli DO; 
t:ran,_,ck • tran._ack D!\ aek_flcw_fhld; 
ncv_flcw_control " 1; 
END; 
ok • 1; 
watcll_dor_t1t111r * 
recv_1eq11e11c1 • 
w&t ch_dcg_t i1111r _rut art; 
r1cv_uq11111c1 + 1 ) AIID 03H; 
•/ 
ELSE IF racv _dah._pkt_buf ( racv_pkt_q11,_h1&d ) .cantrcl = (r1cv_uq11e11ce-1) AK 
IHEH DO; 
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NETUY Network Lt.y.r Moduli 
END; 
EllD; 
Ok ., 1; 
tr1tn1_t.dc " tr,n,_t.ck OR ack_tlow_tidd; 
ncv_tlow_cont?'ol = 1; 
w1.tcb_dog_ti111u = w&tch_d.0J_ti1Ur_ruta:rt; 
ELSE IF tru1_ack " control_op111_u11ion 
THEN DO: 
IF NOT 111aion_1ctiv, 
!HEH DO; 
IF ncv_d&h._pkt_but( ncv_pkt_qu,_hee,d ) .dntin11,tion_a<ldr111 " loc11.l_addr 
THEN DO; 
n1twork_1tt.t111 = 1tat_11nion_vi1_remot1: 
nmot,_addr "'ne:v_dat,-_pkt_but( ncv_pkt_qu._hn.d ).1011rc1_1uid:reu; 
CALL 1111ion_op1n: 
tran1_1.ck = aelcok; 
ok "' 1; 









tr.n,_ack "' na.ck_bu1y; 
ok "' 1; 
ELSE IF t:ran._aek II control_clo11_11uioll 
THEN DO; 
IF •••1iori_1ctiv• 
THEN IF ncv_datl_pkt_bu:t'{ ncv_pkt_qu._h•ad ).dutination_1ddr .. , = loeal_addr 




tran•-•ek ,. 1.ek_ak; 
ck 111 1; 
w1tch_dag_t111111r " watch_dog_timu..rHt1.rt; 
n.twark_1tatu1 " 1t1.t_clo11_v1a_r1mata; 
CALL ••11ion_clo11; 
El.SE IF tran._,ck • cantrol_:t'low_o:t'f 
THEN DO: 
IF 1•11ion_activ1 
THEN IF ncv_datLpkt_bu:t'{ r1cv_pkt_qu1_hHd ) .dutin11tion_addr111 "' local_addr 
IIIEN IF r1cv_clat1_pkt_bu:t'( ncv_pkt_qu1_h11d ).1ourc1_1.ddrn1 = r,mote_&ddr 
THEii DO; 























































l!ETLAY lf•twork L1.y1r !,loduh 
EllD; 
tr1.n1_1.ck = ack_ok: 
ok = 1; 
w1.tch_dog_ti,n1r " watch_dog_tim1r_rHtut; 
I• Rntart tran1mitt1r •/ 
IF pack1t_tran1_w1.it 
TH£!l EX1 = 1: 
ELSE IF tran1_1.ck = control_watch_dog 
THEN DO; 
IF 1111ion_1.ctiv1 
THEN tF ru:v_data_pkt_but ( racv_pkt_q,a_hnd ) .dntination_addran = lcc:11.l_o.ddr 




tran1_1.ck = &ck_ok; 
ck = 1; 
1<11.tch_dog_tim1r = watch_dcg_timn_rHt&rt: 
/• U th control fhld of th.1 p1.ck1t ii niit V1llid, ignore· tha p1.ck1t •! 
r1cv_pkt_qu1_d1q,a; PROCEDURE PO'BLIC tlS!llG O; 
!•---------------------------------------------------------------------------•! 
I• r,cv_pkt_qu•-d•qu• •/ 
/• Proc1dura to d•qu.u• ._ dat• block from the n.t rac1iv1 qu.u1. On •/ 
/• r•turn r1cv_pkt_que_out point1 to the d1.t• blo<.k juat d•queuld. •/ 
IF rmcv_pkt_qua_mpty 
!• If the _qu.u• i1 mpty wh•n callld, tl\111 do nothing; r1turn null pointlr. •/ 
IIIEU racv_pkt_qu1_out = O; 
!• U th, qu.ua ii net empty, th111 dequu• a data block. 
ELSE DO; 
DISABLE; 
racv_pkt_que_fiill = O; 
r1cv_pkt_q111_t.tl = ( racv_pkt_que_tail • 1 ) .I.ND 07H: 
recv_pkt_que_out " . ucv_data_pkt_buf ( racv_pkt_qu,_tail ) . d&ta_length; 
IF (( r1cv_pkt_que_ta1l + 1) AUD 07H) "' racv_pkt_qu._bnd 
THEN racv_pkt_q111_.mpty = 1; 
IF r1cv_flow_control 
THEN IF ( (r1ev_pkt_que_h11d - r,cv_pkt_qua_tail) .I.ND 07li ) 
= ( r•cv_pkt_qu1_low_thr•1hold + 1) 
•/ 
THEN DO; /• Build -.nd und a Flow_ou packet •/ 
control_flow_off_pkt_buf.d•1tinatio11_addr111 a r1mot1_addr; 
control_flow_off_pkt_buf.1ourc1_addr111 m local_addr; 
150 











control_flow_off_pkt_buf.control z c:cntrol_flow_off; 
c:ontrol_flow_otf_pkt_buf. data_i.n1tl!. = O; 
nquHt_t101r_o:tf • 1; 
IF packat_trana_wait 
THEN EX1 ,. 1; 
617 1 END nc:v_pkt_qua_daqua; 




DIRECT VARIABLE SIZE 
Il/DIRECT VARIABLE SIZE 
BI? SIZE 
BIT-ADDRESSABLE SIZE 
AUXILURT VARIABLE SIZE 
MAXIMUM STACK SIZE 
11..E:GISIEl!.-BA!l'lr(S) USEn: 
112:Z L!IIES READ 
O PRCGRJ.M ER!I.OR(S) 
EIID CF PL/M-61 COMPILATION 
(SIAIIC+OVERLATABLE) 
.. 06FFH 16360 
• 00001{ OD 
12ff+OOH 180+ OD 
• OOH+OOH OD• OD 
• 10ff•0311 1(10+ 3D 
OOH+OOH OD• OD 
• OCl28ff 1676.D 




Data Link Layer Module 
PL/M-61 cor,a,u.E!l DLltLH D•t• Link Layu· Moduli 
ISIS-II PLIN·Eil Vl.1 
COJ.IPILER IIIVOKED BT: PLM61 :F8:DLKLAY.J!ill," 
tPJ.CEWIDTii( 96 ) 
UITLE('DLKL.1..Y Data Link Lay•r Moduh ') 
tllEGISTEP.BA.llKC 1 ) 
1 1 dlklay: DO: 
' 1 • 1







I• D•v• Wic:klift •/ 
/• Lut Modifhd: 11/27/86 •/ 
� �
$NOLIS'l' 
I• Loc:1tio11 of th data.length fhld ill a packet •I
DECLARE fiald..dat1.langth LITEIU.LLY 'OSK'; 
DECLlB.E hd.11.c:k LITEIULLT 'OFFR'; I• 111 invalid '"' •I
DECLARE 111r.1tat111.hd BIT U( Q8H ) llEOlSTEII.; 
DECLl!E tra.111mitttr.control Bit A?( OB4B) 11.EGISTEII.; 
DECLAII.E m,..x_bac:koff_c:oont LI?EIU.LLT '07H'; 
DECLARE 111U_d.1hr.count LITEII.J.LLT '0711':
I• TH1 .. :zss, SMOD•1 => 8:.1. EiOkH.1 bit r1t1 on th• nat, for 12MHll c:foc:k. •I
DECLARE nat.rat,.ti=1r_r,,tart LITE:IU.LLY ' :.166': 
152 
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/• E:ctar11&b frCllll IIEIUT •/ 
DECL.tll& ••••ion.activa BI? ElTEllf!L; 
I• Qn1n1 procld11r.. and va.r1&bl .. 











f• £:ct1rn1h from IlMSRV •/ 
/• timu variablu end rutart valuu 
DECLARE backoff_tim1r BYTE EUER.IIJ.L; 
DECLARE b1ckoft.tim1r_r11tart LITERALLY '001H'; 
DECLA.RE n1t.Jumad.tim1r BTTE EITEllitL: 


















I• Error/St1tu1 m .. 1agu tor IIEIUT 
DECLARE arror.retry LITEULLT '01H'; 
DECLW arror.retry.llllg LITE'JliLLT 
'' 'Retry u:c11dlll., Ho rupouaa frCllll rtmota.'' '; 
DECLARE •rror.ntcb.dog LIIEULLT 'OlH'; 
DECLARE error.watch.dog.llllg Lil'ER.lLLT 
'''Watch dog Uma out, No rupuaa froa r11110t1.'''; 
DECLARE 1tat ... 111ion_vi1.r11110ta LI!E!U.LLT '10H'; 
/•DECLA.RE 1tat.1111ion.V11.r1matl.llll( LITEltLLT 
'' 'Sn lion .. t1bl11h1d Via ram.at,.''' ;•I 
DECLARE 1t1t.Huion.V1a_loc1l LIJEB..lLLT '11H'; 
DECLARE 1tat.Huion.via_loc11..Ja1g LI?D.iLLY 
• ''S,uion a1t1bliah11d vta heal.•••; 
DECLARE 1ta.t_r .. ot,_b111y LITEII.ALLT '1111'; 
DECLARE 1t1t.ramot1.b111y.1Qg LIIElU.LLT 
'''llamot1 ii b111y.'''; 
DECL.lRE 1tat.r1mota.not.a.vaihbll LITEIULLT '13H'; 
DECL.lRE 1tat.r11110ta.11ot_avail1bll.llllg LITEIULL T 
' ' 'R11110t1 ii not av1il1bl1. ' '' ; 





PL/M-61 COMPILER DU:L..tl Data Link Layer Module 
" 1 • .. 1 • 
47 1 • 
• 
• 
• .. 1 • .. 1 • 
• 
so 1 " 1 • 




66 1 " 1 
57 1 " 1 " i " 1 .. 1 " 1 
" 1 " 1 




73 1 " 1 " 1 
7' ' 
DECLARE etat_cio••-via.local_mag 
' ' 'S•nion cloud via local. ' ' '; 
DECLARE 1t1t_cloH_via_r111110t. 
DECLJJ\E 1t1t.cloH_via_uaot•.1111r 
• ' 'S•uion cloud via r111110t•. ' ' •; 
/• Error/Status meuagH for DLXL.U 
DECL.lRE •rror.b1ci:1ff 
DECLARE error_backoff.Jlllll 
'''Baclcoff retry •xcuded . 
DECLARE •rror_jlllml•d 
DECLARE error.jU111•d..1UI 
'' 'll•twork jl.llllled.' •'; 
DECLARE •rror.d1f1r 
DECLARE •rror_1hhr_m11 











I• Local D•finitton1 •/ 
I• Stat. fl.11.11 •/ 
!• 
I• for pack1t reception 1tat11 •/ 
DECLJ.RE pac.k•t_r.cv.w1it BIT: 
DECLARE pac.k1t.r,cv.char BIT; 
DECLUE p1ck•t.ncv.1ck BIT; 
I• for ptebt tr111111i1don 1tat11 
DECLARE paeket.tr1.111.w1it Bir PUBLIC; 
DECLARE pao:i:,t_tr1.111.p,ndin1 BIT; 
DECLARE p1c.k1t.tr1.111_d•f•r BIT; 
DECLJ.11.E p1clc1t.tr1.111.b1.ckoff BIT; 
DECLAllE p1ci:1t.tr1n1..char BIT; 
DECLUE p1ck•t.tr1111.1c); BIT; 
DECL.I.RE dat1.linlc.1tat111 BT'l'E PUBLIC; 
DECLARE randcni BUE PUBLIC; 
net1rv •local• work variabl11 
DECLARE char.count BTtt; 
DECLARE trane.t1no.in1l.co11nt BYTE; 
DECLARE r1cv_t•rnitn1l.eo11nt BYTE; 
DECLARE chc}c_eWII BYTE; 
DECL.lR£ tchar BTtt; 
DECLJ.R.E rchu BTTE; 
DECLAllE l1.1t.tchu BYTE; 
DECLUE backo:tf_count BYTE PUBLIC; 
DECLARE daf1r.co1111t BTIE PUBLIC; 
DECLUE pack•t.ptr WOllD; 
DECL.lR.E jnlt.bit BIT; 
•I
•I
d1t1.initialin: PltOCEllURE PUBLIC tlSIIIG O; 
•I
!•---------------------------------------------------------------------------•/ 
!• d1t1.initiali1• •/ 
/• Proc•d11r1 to initi&lb1 th• Data LiU: L1yer to • i:ncn 1t1tl. •I
I• A11W1111 int1rrupta diullo•nd. •/ 
I• Initialil• Data Link •tat. •I
154 
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" ' " ' " ' 
" ' 
11 ' " ' " ' .. ' .. ' .. ' 
" ' .. ' " ' " ' 
01 ' 
" ' 















pacbt_re.:v_w&1t • 1; 
pac.ket_reev_char • o,
pac.i:1t_r,cv..&c.i: • O; 
pack,t_tran,_w,it • 1; 
pack,t_tr&111_pendi111 • O; 
p,c:k,t_tr&111_d,t,r • o,
packet_tr&11,_bac.kott • O; 
pac:k1t_tr&111_char • O; 
packet_tran,_&ck • O; 
d&ta..l:l.nll:_1t&tu • O; 
/• InitialiH urill Hrver •I
TMDO • ( TMDD J.!fD OFII ) 01 00100000B; 
TH1 • net_r,te_timer_re1tart; 
I• Set Tilll,r1 ta auto-relaid 
I• tilller &11d :l.n1t1•11H r•laad. 
•I
•I
7L1 • n,t_rate_tilller_re1tart; 
TlU • 1,
SCDN 011000008; 
PCON • 8oH; 
PS • 1, 
ES• 1;
JIU .. 1; 
IT1 • O; 










I• Start Tiau1 •I
Set int•rn&l "rial part ta Node 1, look- •/ 
tor-,tap-bit, &11d a,cdver dbabled. •/ 
SMOD • 1, dauble bit rah •/ 
s,t Hrial part i11.hrrupt ta hi111.-priar1ty. •/ 
Euble Hri&l port 111.ternpt,. •/ 
Ell.able lacetvar. •/ 
Set External Inhrrapt 1 ta l1Yel tri11ered. •/ 
far •truud.tter ra-1tart• inhmpt. •/ 
Sat tran1 r,-,tart 111.tarrupt to lli1h-priorttY"'/ 
E5D data_illitialiu; 
111.ttiah_packet_tru.1: PIOCEDtllE IIIDIIEC'ft.T_C.&.LLlBLi; 
/•---------------------------------------------------------------------------•/ 
/• illitiah_p,cket_true •/ 
I• Procdvre ta initiate the tr&111aiHi01. af a packet. •/ 
� � 
DECLARE pkt_ptr WORD f 
DECL.lll.E packlt B.&.SED pkt_ptr BTTE .\UXILIUT ', 
pkt_ptr • tru1_pkt_que_o11t; 
pkt_ptr • pkt_ptr + :rteld_data..1111,th; 
ti-an1_tenain.al_ca11nt • packet + t1eld_data.,len(tb. +1; 
dofer_coant • O; 
b&c:kotf_c111111t • O; 
IF carrhr _tiiur <> 0 
THE'J' -DO; 
packlt_tran1_pending • 1; 
nat_j1111111a,Ltiiur • 111t_jU1Ud_tiur_rHtart: 
EllD; 
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packet_tr1111,_d.-tu • 1; 
I• D,hr • ra11d• tiu •/ 
tr1111,_d.-ter_t1ur • ( 039 ilfD r1111d� } + tr11111_d.-t,r_t1 .. r_lll11; ... , 
EIID 1niti1t,_p1ck,t_tran1; 
carriar_lo1t_Hrv: PI\OCEDUllE IIIDIJlECTLT_CJ.LUBtE PUllLIC; 
/•---------------------------------------------------------------------------•/ 
I• cur:l1r_101t_ .. rv •/ 
I• Procedure tD 1erv:lc1 1 cur:lez--loat •1nt1rrupt•, Called by th, •/ 
I• timlr interrupt .. rvic.1 ro11tin1. •/ 
I• •I
I• LooH carr:lar wh111 waiting to 
IF packat_tran1_p,ndin1 THE?l DO; 
p1ck1t_tran1_p111d:lng • O; 
ut_j&111111d_tiur • O; 
tr1.11mit • p,clut, tb.111 b11:ln tran1 dlf•r •/ 
/• TurJI off tilur 
p1ck1t_tr1l'll_d1hr • 1: 
/• D1hr I random t11111 •/ 
tral'll_d.-f1r_timlr • ( 03H .lllD r1.11d1111 } + tr1.111..d.•hr_ti111u.,lU11; 
END; /• th111 •/ 
•I




packet_r,cv_char • O; 
pack,t_recv_wa:lt • 1; 
hckoff_1,rvi PRDCEDOU: IIIDIR.ECTLT_C.lLLillLE PUBLIC; 
!•---------------------------------------------------------------------------•/ 
I• backoff_11rv •/ 
I• Proc,d11r1 to Hrv:lcl a backoff-t:l11eo11t •1nt1rr11pt•, Cal.lid by th• •/ 
I• timer illt1rr11pt 11rv:lc, ro,t:ln•. •/ 
� � 
IF ca.rri1r _tillllr <> 0 
!HEl'I' DO; 
p1ck1t_trau_p111din1 • 1; 
n1t_j&Z11111d_tic1r • n1t_j._d_ti1111r_rutart; ''" 
ELSI DO; 
... , 
p1ck,t_tran,_dlf1r • 1; 
I• D1f1r a r1.11dom tilu •/ 
tru.1_d1hr_t11111r • C 03H .lllD ru.daa ) + tru1_d1hr_tiur..llln; 
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DL!LJ.T Data Link L1y1r Module 
td,for_Hn-: P&OCEDURE INDIRECTLT_CiLUBLE PUBLIC: 
/•---------------------------------------------------------------------------•/ 
I• td•f•r_.,n- •I
I• Prccadurt to Hrvicll a trllll1111it·d•f1r-tiluout •interrupt•. C&lled by •/ 
I• th, timu iut.rrupt .. rv1c, rcutin.. •/ 
� � 
ut.j11111Ud.tilur • O; 
pack,t.trllll,_d.llter • O; 
IF carrier.tim,r o O 
J• If ut activity, tlltn d•hr again uiitil no activity 
THEN IF defor.ccunt < max_d1for.co11nt 
THEN DO: 
d1hr.co11nt " d1hr.co1111t + 1: 
packlt.tran..pendinB' • 1: 
n.t.j1111!1111d_tim1r • n1t_j11111111d.tim1r_rntart: 
END;
., 
I• If toe 1111ny d•fu trin, thin 1ive up and abort pacbt tran1. •/ 
ELSE DO: 
data.l:l.nk.1tatu1 "' 1rror.d1f1r; 
pack,t.tra11 .wait • 1: 
junk.bit • trau.pkt_qu..dtqu.; /• Inform 11',twork L1ytr. •/ 
END; 
I• If no ntt activity, th,n bt1iu pack,t tr11n�11ion 
ELSE DD; 
paci1t.tran1.char • 1; 
char_couut •0; 
ch,ck..111.m • o; 
•I
pack,t.ptr • tran1_pkt_q11e.c11t; 
111r.1tlt111.l1d • NOT H1tion.act1v1; I• Blint th• 1tat111 LED •/ 
END; 
blink.tim,r " blink.tilur.rntart; 
tran1mitt1r.control • O; I• Line Driv1r Olf •/ 
TI = 1; 
E11D t,:llfor_ .. n-; 
tack_.uv: P&OCED!JRE INDilECTLT.CiLL!BLE PUBLIC; 
/•---------------------------------------------------------------------------•/ 
I• tack.Hn" •/ 
/• Proc.edura to Hrvice a waitil11-for·ack timll·11t 1i11t,rr11pt•. C&llff by •/ 
I• th, tilur interrupt Hrvict rnt1H. •/ 
� � 
/• Jfo ac.k rec'1v,d, paH a bad ack back to th letwork Lay,r 
rac.v.ack • bad.ack; 
I• and 1•t tilt 11..:ict packet to tr1111m.it •/ 
IF tr1.111.pkt_que.d1q11• 
•I
TIIEll CJ.LL init11U_p1cket.tr1111;/• 
ELSE packet.tran1_w11t • 1; /• 
If tlltre i1 a pkt, 1tart aending •/ 























jUIHd_auv: PROCEDOU:. IIIDIRECILT_C.lLLABLE Pl.!BLIC; 
!•---------------------------------------------------------------------------•! 
I• j.um,1Lurv •/ 
/• Proe'1111re to Hrvit• a n.t-jum.d-tW011t •i11t.rr11pt•. c.lld by th• •/ 
I• tilur i11tur11pt Hrvic1 ro11t111.1. •I
I• •I
d•t&..lint_1tat11B • 1rror_j1111Ud; 
paek1t_tru.1_p111dinr • O; 
p1cklt_trq1_wdt "' 1; 
junk..bit ,. trlln1_pkt_que_d1q111; /• Inform !i,twork L•Y'r of th 1rror 
E!ID jlllllllllld_urv: 
rutart_Hrv: PROCEDURE INDIRECTLT_CALL.lBLE IllTtRRUPT 2; 
•! 
/•---------------------------------------------------------------------------•! 
/• rut&rt_11rv •/ 
I• Proe•dure to urvie• int.rrupt1 fro_m Exhrnal Inhrnipt 1 of thl 8751, •I 
I• thl Rut&rt Tr1.111mithr Int.rrupt. Sine, thl IllT1 pin ia thd low, thh •/ 
/• int1rrupt can b1 g1n1rahd via 1oftw&r1 by uttinr the int1rrupt u&bl1 •/ 
I• bit, Ell. •/ 
EU• O; /• Di1abl1 th• int1rrupt •I
IF pacbt_tran1_wdt 1'•· Initi•t• a 111• p1c.l::•t tra11.1 •/ 
THEii' IF d•ta_liDk..1t•t111 ,. 0 
tHEI IF tru.1_pkt_q111_d•qu 
THEil DD; 
pack1t_tru.1_w&it • O; 
CALL initiat1_paek1t_tr1n1; 
urial_urv: PROCEDURE I!fDIRECTLT_CALUBU: I!i'TER8.UPI 4; 
!•---------------------------------------------------------------------------•!
I• Hrial_Hrv •/ 
I• Proc1d11,re to urvic1 inhrr11-pt1 from. tb ll•t•ork Port { th 8751 •/ 
I• htlr11.1.l Hri•l port ) . •I
� •I
DECLARE pacbt f!.I.SED paek1t_ptr BYTE .I.OXILIUT; 
!•---------------------------------------------------------------------------•! 
I• Naill Codi of urial_urv. •/ 
� � 
IF RI /• If a recdv• intur11pt •/ 
THEii' DO; 
I.I • O; 




PL/M-i1 COMPILER. DLIL1T Data Lillk Lay•r Nod11h 
"' • 
,oo • 










!•----- . ----------------------------------------------------------------•/ 
I• carri,r_d1t,ct_1,rv •/ 
J• Pri:tcdurt to HrVic:• 1 carrhr-dttect •iztterrupt•. Calhd by th• •/ 
J• Hrill i11tlrnpt ••rv1t• ro11ti11•, •/ 
I• •I
J• If not truuliti11r a pack,t 
IF !fD? C packtt_tr1111.c:har er pack•t_tr11111_ack ) 
I• Start uc:1ivling th• pacbt 
TREll 1)0; 
pact.t_ptr '" r1cv...plct_qHJn; 
packet_r•c:v_wait O: 
c:har_co1111t • O: 
check.Ill.Ill " O; 
uc:v_terminal_c:01111t • 7fH; 
p1cket_r•cv_char • i; 
END: J• th.a •/ 
carrilr.tim•r " carrilr_timer_r11tart: 
IF pacl!1t_recv_char 
IIIEII 
pkt_racv _1erv: DO; 







I• pkt_r•cv_Hrv •/ 
I• •I
rcha.r • SBUF; 
J• The following blcclr: of cede co1tl4 be included to rd11c:1 the r1cliv1r'1 
overhud by ipcring uy p1clr:etl not addr1111d. to the ua,. 
Ir cha.r.c:c1111t • O 
?BEli Ir rc:hU' () HIGH( 11ode_1.ddr } 
TBEll 1)0; 
pac:k,t_r,cv_chu • O; 
pack•t_ra,:v.wait • 1; 
EHD; 
IF ch11.r.co1111t • 1 
•I
THEN IF rchar <> LOW( 11od1_1ddr ) 
tHEll DD: 
"""' 
paclr:et_r.,:v_chu • O; 
pack•t.recv_nit • 1; 
IF char_c:ou11t • filld.d•ta_ltngth 
THEii ncv_t1rllli11al_co11nt ,. rcb.ar + fbld_data_l111gtb. • 1; 
IF char.count • r1c:v.tlrmin1.l.cc1111t 
TREii IF chec:k_111B "' rchar 
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/• If clt.lck •nm ok, thH. pr1par1 to 1cknowhdg1 tb• pad:at •/ 
pad:1t_r1cv_chu • O; 
p1ck1t_r1cv_ad: • 1; 




f• Eln .if chick 111111 1, bad., tllt11 1JM1'1 J1d:1t 
pack1t_r1cv_char .. O; 




chlck_tum '" .chlck...11111. + rchar; 
p1ck1t • rchar; 
pack,t_ptr • p1d:1t_ptr + 1; 
char_count • char_count + 1; 





I• 1ck..r1cv.11rv •/ 
/• Proctd.un to r1ctiv1 1.11 ackllowhpl'nt for I trullllitt1d p1cli:1t. •/ 
I• •I
ack..tilur • 0; 
r1cv.1d: • SBUF; 
I• Turn 11:tf tilnr •I
I• Proc111 r1c1ivH .lCJC ud. get• tb1 next p1ck1t to tranndt •/ 
p&ck1t,.tru1.1ek • O; 
IF tran1.pkt_qu._d1qu1 
'1'HElf C1LL initi1tt.pack1t_tr1111; /• 
ELSE p1ek1t_tr1111_nit • 1; /• 
If tlltn ii a pkt, 1tut 11nd.i111 •/ 








I• If • tran1mit i11t.rr11pt •I






































I• If tha lut char of tha packat hH net bHII unt, thin Hnd tlla aa;t chu. 
IF char_co1111t o tru.1_t,ni111al_co11nt • 1 
THU DO; 
END; 
tchar • packat; 
SBUF • tch&r; 
chack_11111 • chack_1a • tch&r; 
I• SH if th• char Hiit lut tima wu r,clivad. If aot than ,nor. 
IF char_co1111t <> O 
IHE!i DO; 
l'Ch&r • SBIJF; 
ltI • O; I• lt'ill a po11ibla r,cv iatarr11pt 
IF rchar <> lut_tchar 
•I
•I
I• If arror, th,11 try b&d:ini off u.d rntut tru.1llliHio11 latar. •/ 
END; 
lHE!l IF backof:!_co1111t < .ax...backoff_coa11t 
THEN DO; 
""'' 
b•ckoff_tiaff • backoff_timel'_re,tart; 
backoff_co1111t • backaff_couat + 1; 
pack,t_tru.a_chu • O: 
pacbt_traaa_b&clcoff • 1; 
I• If too 111&11.y backoff tJ:"iaa, tb.111 11va up ud abol't pacl:at uaa,. •
ELSE DO; 
Ellll, 
data_link_atat111 • arror_b1ckaff; 
packat_tra.11.1_chu • O; 
packat_tl:'u.a_wdt • 1; 
jv.nk_bit • traaa_pkt_q111_d1qua; /• Iafor:m let.work •/ 
I• L1yer of the anu. •I
IF packat_traa,_char 
TBEI DO; 
I• Do act axacv.ta thia block if thara ••• •I
I• .. ll'l'OJ:' •/ 
/• If tlla laat data character was trum,ittad, th111 iaurt cunu,t •/ 
I• check •= into the pack1t fol:' 11.ext cbaracter traaam:iadon. •/ 
IF char_co1u1t + 1 • trua_t1ndnal_c111111t 
rBEI DO; 
Elll>, 
packet_ptr • pack,t_ptr • 1; 
pnck•t • ch,cli:_111.111.; 
packat_ptr • packet_ptl:' 1; 
I• tf tha packat h&I bun 111ccH1hlly traaalllitted, than wait for tha •/ 
/• nut packat. •/ 
IF char_count • tl'&na_t,rm111al_co1111t + 1 
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tr111ellitter_co11trol • 1; I• Lin• Dr1v1r arr •/ 
1clc..U.mer • 1ck_ti1111r_r .. t1rt1 
p1cket_tr111e_chl.r O; 
p1ct1t_tr1..111_1a: • 1; 
END; /• END THEN •/ 
/• 11' not do11e tra.111.mitting c11rr111t packet, th111 contin11.1 tr1111m.ittin1. •/ 
ELSE DO; 
ch1r_co11nt • ch.u_c111111t + 1; 
pactet_ptr • p1cklt_ptr + 1; 




EI.SE IF p1cktt_r1cv_1ck 
THE1I 
1ck_tr1ne_11rv: DO; 
/• Or Hnd 111 ACK •I
!•----·------------------------------------------------------------------•! 
I• 1ek_tra111_Hrv •/ 
I• Procld.11.ra to 1111d 111 aclcllowlldzunt :tor I r1cdvld. p1e.k1t. •/ 
I• •I
IF Cb.11' _co1111t "' 0 
THEii DO: 
I• tnq111 th• p1cklt u.d 
IF recv_pkt_qu1_111qH 
THEii DD; 
tranem.ithr_control • O; I• Li111 Driver OR •/ 
•I
uar_1t•t111_led • 11or 1e11io11_1ctin; /• Blillll: tll1 1t1t11.1 LED • 
bli:ik_tizur • bl111k"_tllUlr-1'11tll't; 
SBtlF • tru1_1ck; 
cha.r_co1111t • 1; 
EHO; 
ELSE DO: I• OthlririH, und natlling 
p1ck1t_r,cv_1.cl: • O; 




rcha.r • SBUP'; 
tr1111.Jdtter_co11trol • 1; 
p1cket_r1cv_•ck: • O; 
p1ei:et..recv_w11t • 1; 







321 3 l!!iD; 
322 1 £l!D n,:id_nrv; 
323 1 ENO dlkl&y; 
l'UlliliGS: 




DIRECT Vill.llBLE SIZE 
I!IDIR!CT VU.UBLE SIZE 
BU SIZE 
Bir-lDDRESS.lBLE SIZE 
AUIILIU.T VARUBLE SIZE 
MAXIMUM suer SIZE 
I.ECISIElt-HHI(S) USED: 
ese LIIIES lEAD 
O PllOGUM EllROB.(S) 
EliD OF PL/M-61 COMPILATIUI 
{SIATIC+OVEIU.ATABLE) 
.. 0260R ""' 
• OOOOR OD 
OOR+02l! 130+ ,.
• OOH+OOR OD• OD 
• O.lH+OOR 100+ OD 
• OOR+OOH OD• OD 
" OOOOH OD 




Timer Server Module 
PL/M-61 COMPILER TIMSR.V - tiiur Inhrrupt Semr Mad11h 
ISIS-II PL/N-61 V1.1 
COMPILEll I!fVOll:D BT: PLMfi1 :Fll:'r:tMSRV.JIIJ: 
$P.lC£WIDTH( tl5 
UITLE('TIMSII.V - Tilur l!!.t.rnpt Server Module ') 
tR..EGISmB.1.RI( 1 ) 
1 1 tiurv: DO; 
' ' 






I• tuurv •/ 
tROLIST 
!•----------------------------------------------------------------------•! 
I• Exter?1&l1 fralll DLKLAY •/ 
tdtfu.Hrv: PROCEDURE EUEIWJ.L; Elf!); 
backotf.Hrv: PROCED1JR.E EITEIUliL; Ellll; 
jlUIIUd.Hrv: PROCEDURE EIIEll.lliL; END; 
ta.ck_Hrv: PROCEDURE EIIEIUl.lL; EIID; 
curhr.la1t.1etv: PllOCE!l1JR.E EIIEll.ll.l.L; £!ID; 
/•----------------------------------------------------------------------•! 
/• Exhrnall frca IIETL.I.T •/ 
watch.dag.Hrv: PllOCEDURE Ein:RNiL; Elltl; 
DECUll HHilllL&Ctive BI? EIIEll.llJ.L; 
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/• (TBO,TL0)•64,736 •> aprox 1:isoas Timar O rat., approx 6 nat ehar ti.mu•/ 
DECLARE. ehar.rate_ti,Qr_rntart LIT£BJLLT '!4736'; 
I• ti.Qr VU'lablH •I
DECLilE badco:rf.ti.mllr BTrE PUBLIC: 
DECLARE 11.et.jlllllllld_ti.mar BTIE PUBLIC; 
DECL.l.lt.E traii,.dafer.tillulr BTTE PUBLIC; 
DECLARE eek.t1111•r BTIE PUBLIC; 
DECL.lB.E earrier.tilur BTTE PUBLIC; 
DECLARE b11fhr.ti111•r B'fTE PUBLIC: 
DECLARE b11ff1r.ti.m•r.r••tart BYTE PUBLIC; 
DECL.lRE ur.,tatu,.led BIT U'( !iH!H ) REGISTD.; 
DECLARE blink.tlm,r BYTE PUBLIC; 
DECLARE wateh.dog.tilllllr BYTE PUBLIC; 
ti111er.initialiu; PROCEDURE PUBLIC USING O; 
/•---------------------------------------------------------------------------•/ 
I• ti.mllr.initialla, •I
I• Proeldnre to 1nit1&11H th• tiller Hrt1r to a Don atata. •I
I• A1111.111H 111.tarr11pta aro di1&l1o"Hd. •/ 
I• Initil.liH tilllor 11rv1r 
?MOD • t ?MOD AUD OFDH ) 01 0000000111; 
mo • HIOH(ehu.rat,_tiiur.rutart): 












I• Sat11p T1-r0 to 10 bit 
I• tiJQr 1.11.d 111it1al1:i:o. 
I• Start TilMrO 
I• Enablt T:blorO int1rnipt 







I• tiJa....11rv •/ 
I• Proe1d11r1 to 11rvic1 interrupt• froa Tilur O of th• !751. •/ 
� � 
� � 
DECLARE long_d,hy BITE; 
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I• Mab cod• o:f tULurv. •/ 
I• •I
/• 11. ... t Timer O 
no .. o, 
TLO • LOW( ch1.r.rate.tinler.n1tart ); 
THO • HIGH( ch1.r.rate_ti111,r_re1t1.rt ) ; 
no • 1; 
DISABLE: 
I• Carrier "la1t• tim• out 
IF carrier.timer <> 0 
THEN DD; 
e11.rrhr_tim1r • c11.rri1r_ti:111r - t: 




THEll CJ.LL cu:i•r.loat_,.,rv; /• SerVic• curhr lo1t. •/ 
END; 
I• Tr11111llit de:flr tiln1r 
IF tran,_dehr_tilur <> D 
IIIEli DO: 
tr&111_dehr_timllr • tru1_de:ter.tilur - 1; 
IF tra1 1_def1r_t11Der • 0 
IHEi CALL td1:f•r.Hrv; 
I• .lCI timer 
Ir ack_tilDer <> 0 
IHEI DD; 
ENABLE; 
ack.t1.ller • •ck..titur - 1, 
IF ack.tiiur ,. O 
THEN CJ.LL tack.Hrv: 
/• Btt:!:fer packing timer 
IF bu:thr.t11111r <> 0 
THEM IF ( lung.delay J.l!D ora ) .. o /• Div:14• by 1tl 
IHEll' bu:fhr.t1.1111r • b11f:f•r.ti1111r - 1; 
I• Uur Statue LED blink tilDer 
IF blinll:_t1lur <> 0 
IHElf DO; 
blillk..tilur • blinll:_tilur - 1: 
If blillk..t:LMr • O 
rm 11.1:r_atatu.led • et1lio11.activ•; 
I• S•rVic• •1on1• timera 













J• Backotf tilur 




backotf_tilur • ll&ckof:l'_tm.11.i: - 1; 
IF backotf _timer • 0 
.. 4 
.. 3 
'1'HEll C.lLL b&c:koft_1.11.i:v; 
EIID; 
J• li'et•ork jllllllUd tim•r 




n.11.t_juatd_tim.11.r • .11.1t_j1111Hd_tilur - 1; 
IF n.11.t_juzud_tilur • o 
" . 
" 3 
IHEH CALL jU11111d_1.11.rv; 
EIID; 
J• Watch Dog tim.r 
IF w&tch_dog_timH' <> 0 
'l'HEN DO; 













1 IS '11IE HIOHESl' USED Ilin:MUP'l' 
MODOI.E IllFDRM.l'l'IOli: (SU 'l'IC+OVD.LJ. TABLE) 
CODE SIZE • DOA CH 17:lll 
CDliSUli'l' SIZE OOOCH OD 
DIU:cr Vil.IABLE SIZE • OIIH+OlH "' 1D 
IlrDIREC'l' VlRIABLE SIZE • OOH+OOB OD• OD 
BI'l' SIZE • OOB+OOB OD• OD 
BI!-ADDRESS.l.!!LE SIZE • OOH+OOH OD• OD 
.1.UIILIUT V.U.I.I.SLE SIZE • OOOOH 00 
M.llI/i!lJM SIJ.CI SIZE • OOOFB: 150 
REGIS'l'D.-BAlit(S) USED: 0 1 
:.1511 LilfF.S ll:.1.D 
O PRDO!UM EllROR(S) 
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Unless otherwise specified, capacitance values are in microfarads and 
resistance values are in ohms { 1/4W, 5% ). 
Power connections that are not shown on schematics: 
I I Gild +5, +12v -12v I
IC9 pill 7 pin 14 
IClO pill 1 pill 14 pin 1 
ICU pin 7 pin 14 
Jumper options: 
I Jumper Connections I Function I 
E4 to E5 8751 processor 
E5 to E6 8032 processor 
El to E2 HM6264 CMOS RAM 
E2 to E3 HM6116 CMOS RAM 
Et4 to E15 FG connected to SG 
Et2 to E13 011-card transceiver with 
E10 to Ell IC13 and lC14 installed 
E7 10 ER and ICl2 removed 
E8 to E9 Off-card transceiver with 
ICIJ and IC14 installed 
and IC12 removed 
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